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VITAMIN C CONTENT OF VEGETABLES. 1. SPINACH* 


D. K. TRESSLER, G. L. MACK, anp C, G. KING 


New York State Agricultural Experiment Station, Geneva, New York, and the 
Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 


(Received for publication, October 23, 1935) 


Fresh spinach has long been known to contain relatively large 
amounts of vitamin C; however, the amounts reported by the several 
workers differ greatly. One difficulty in comparing the published 
results lies in the fact that there is little uniformity in the mode of re- 
porting the data obtained. Most analyses reported recently have in- 
dicated the amounts of ascorbic acid in milligrams per gram of 
spinach. If one assumes, as suggested by Bessey and King (1933), that 
0.5 mg. of ascorbic acid per day is required for protection of a guinea 
pig from scurvy, the data in recent papers may be recaleulated on a 
uniform basis (Table 1). 

TABLE 1 


Previous Reports on the Ascorbic Acid Content of Spinach 




















Investigator | wer pe Ascorbic acid 
| oo mg. per gm, 

Eddy, Kohman, and Carlsson ‘“Market’’ >0.5 

(1925) 
Hessler and Craig (1929) ‘¢Fresh’’ 0.07 to 0.10 
Hessler, Johnson, and Walsh Bloomsdale 0.17 to 0.25 

(1931) 
Von Hahn (1931) Unknown 0.10 
Wasson (1931) ‘¢ Fresh’? <0.5 
Kifer and Munsell (1932) | Virginia Savoy 0.5 
Kifer and Munsell (1932) | Viroflay <0.5 
Kifer and Munsell (1932) | Prineess Juliana <0.5 
Bessey and King (1933) ‘¢Fresh’’ 0.50 to 0.62 
Bessey and King (1933) *“ Market’? 0.4 to 0.5 
Tauber and Kleiner (1935) ‘Fresh’? 0.43 to 0.46 





While variations in technique employed in making the vitamin C 
estimation may account for some of the differences in the results ob- 
tained, yet it is probable that the spinach examined by the different 
workers did vary widely in its ascorbic acid content. As shown in data 
presented above, Bessey and King (1933), have indicated that fresh 
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spinach is higher in aseorbie acid than ‘‘market’’ spinach. Wasson 
(1931) working in Brookings, South Dakota, states ‘‘The spinach 
grown in the college gardens does not seem to have as high vitamin C 
value as spinach that has been tested in some other laboratories.’’ 
Moreover, she also finds that ‘‘home grown spinach had greater anti- 
scorbutie potency than the spinach bought in the market.’’ 

Kifer and Munsell (1932) reported slight varietal difference in 
vitamin C content among three varieties tested, Virginia Savoy, Viro- 
flay, and Princess Juliana, the last being lowest in potency. 

Von Hahn and Gorbing (1933) found that the vitamin C content 
of spinach varies depending on the type of fertilizer used. Unbalanced 
fertilizers (i. e. those especially high in some one component) yielded 
spinach relatively low in vitamin C, whereas soil treeted with balanced 
fertilizers produced spinach high in this vitamin. 

The work reported in this paper was undertaken in order to obtain 
some data concerning the relative importance of variety, freshness, 
maturity, and soil on the ascorbic acid content of this vegetable. 


METHODS USED 


The method of determining ascorbic acid described by Bessey and 
King (1933) was employed, but for purposes of comparison biological 
assays were also made on two samples. The procedure employed in 
making them is described below: 

Samples of the freshly picked spinach were carefully packed, frozen, and 
kept in a container with dry-ice. The curative type of test was used as a measure 
of antisecorbutic value. The guinea pigs were kept on the standard Sherman and 
Smith (1931) diet supplemented with a generous allowance of fresh spinach for two 
weeks to assure their normal growth rate, and to permit them to reach approxi- 
mately 325 gm. in weight. They were then given the basal diet only for 14 days, 
at which time there was evident an average slight loss in weight. Test feeding was 
then begun with weighed portions of food supplied separately to each animal. 
The quantity to be fed was calculated from the indophenol titration value. The 
food was consumed rapidly so that there would not have been a significant loss 
from oxidative destruction before it was eaten. Control groups were given stan- 
dard portions of freshly prepared vitamin solution, fed from graduated pipettes. 
It is evident from the data (Table 2) that the animal assays correspond closely 
with the indophenol titration values. 


EXPERIMENTAL 
Relative Potency of Leaf and Stem 

Appreciating the fact that leaves and leaf petioles often differ 

markedly in chemical composition and therefore might contain very 

different quantities of ascorbic acid, the ascorbic acid content of 

leaves and stems of freshly harvested spinach grown on Ontario clay 

loam soil was determined. The ascorbic acid content of the leaves and 
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stems of the Prickly Winter spinach was found to be 0.78 and 0.06 
mg. per gram respectively; that of the leaves and stems of the Hol- 
landia variety was 0.79 and 0.04 mg. per gram respectively. These 
data indicate that whereas the leaves are high in ascorbic acid, the 
stems are almost devoid of this vitamin. This shows that in exam- 
ining spinach, either the entire plants should be taken or else the 


TABLE 2 
Biological Assay of Vitamin C in Spinach Leaves 














Basal diet supplement No.of | VitaminC | Initial | Gain in weight | Scurvy 
animals | fed per day weight during 14 days autopsy 
mg. gm. gm. 
Prickly Winter Spinach 4 0.5 320 38 1 
4 1.0 319 47 0 
Hollandia Spinach 4 0.5 307 35 2 
4 1.0 309 45 0 
Aseorbie Acid Solution 7 0.5 311 41 2 
6 1.0 310 63 0 
Unsupplemented 6 0.0 329 —113 19 

















leaves and stems should be assayed separately ; otherwise it would be 
difficult to obtain uniformly reliable data. Since in spinach the ascor- 
bie acid is principally in the leaves, the data presented in this paper 
refer to the composition of the leaves. 


Maturity and Ascorbic Acid Content 

Spinach is a crop which grows and matures very rapidly in the 
spring. Often within one week from the time that the first leaves are 
ready to harvest, the crop passes optimum maturity and begins to 
bolt (go to seed). To determine the influence of maturity of the crop 
upon its aseorbie acid content, freshly cut spinach leaves from two 
varieties were analyzed before the spinach became large enough for 
harvesting, again four days later when it had nearly attained full 
growth, and again when it began to bolt. On these dates the ascorbic 
acid content of the Prickly Winter variety was 0.72, 0.75, and 0.78 mg. 
per gram respectively ; that of the Hollandia variety was 0.78, 0.75, 
and 0.79 mg. per gram respectively. These figures indicate that the 
ascorbic acid content of spring spinach leaves is nearly constant during 
the growth period. 


Influence of Variety and Soil 
Twelve varieties of spinach at optimum maturity were harvested 
from upland soil (Ontario clay loam at Geneva, N. Y.) and the same 
varieties harvested on the same day from muck soil at Holeomb, N. Y. 
One sample from each lot was analyzed for ascorbic acid. While there 
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is a varietal difference, the soil on which the crop is grown (Table 3) 
apparently has a somewhat more important influence on the ascorbic 
acid content of the leaves. It is noteworthy that on both soils the 
Princess Juliana variety is the lowest in ascorbic acid and that variety 
is the one found by Kifer and Munsell (1932) to possess the least 
antiscorbutic acid value of the three varieties examined by them. 


TABLE 3 


Ascorbic Acid Content of the Leaves of Several Varieties of Spring Spinach 
Grown on Muck and Upland Soil and Harvested on the Same Day 








minenasdbe D, 




















Ascorbic acid in leaves harvested 
Variety of spinach from 
Muck soil Upland soil 
mg. per gm. mg. per gm. j 
NTA i dsc asila spc upedaalaloucetpaccaslobocen initiate 0.62 0.77% 
SO ne TC TE TE ET 0.56 0.70° 
ON icrisiceccicdkayesdiswciniecevaceselesseseneuovmucsvetiniweewcdeuietenn 0.55 0.79 
cscs sucsinanasceusvasorevivcaneess to beientiennteobeviunnsanmnteet | 0.55 0.66 
I siniccnsaiccsiieasnins enconesspewncnckasincsicenscitenmntniciss | 0.53 0.78 
NE ID s6iicacancecsesususéscisirendconsetonsessenscodsvoss 0.49 0.89 
Long Standing Bloomsdalle..................:ssessssseeees 0.49 0.74 
INI ssiiecciusasdevsiovdnesensiconrnonmomcraecoorrbiaen | 0.48 0.80 ; 
REECE cree meee | 0.46 0.75 j 
IN isin is csutactndovnauvidexvnrt macnn sonieulioerceeuitel 0.42 0.75 ? 
BI I sc corsicorceccseseveiosvenskesctberssdeseendiasess | 0.40 0.64 
IN NINN iid. ccndiinissevoendievoneoscsabenepracentccanscnes | 0.38 0.53 
UND sevsciuieciaivuiiciindassnebsiicisdweaamaiaadpoucadaseedendiin | 0.49 0.75 





On the average the amount of ascorbic acid in the spinach leaves 
grown on the upland soil was 50 per cent higher than that of the ; 
spinach from the muck soil. This point will be checked by examining ; 
spinach grown on other muck and upland soils, to see if this difference 
is a general one. 

Loss of Ascorbic Acid During Storage 

Samples of spinach, cut as for market, were held at room tempera- 
ture for 17 days. Duplicate samples were kept at 1 to 3° C. (33.8 to 
37.4° F.). Leaves from each of the samples were analyzed for ascorbic 
acid (Table 4) at the start of the experiment and at the end of 3, 7, 
and 17 days. The spinach on standing for three days at room tempera- 
ture lost approximately one half of its ascorbie acid; but after three 
days’ storage at 1 to 3° C. (33.8 to 37.4° F.) the spinach retained 
practically all of its ascorbic acid. This shows the importance of 
refrigerating spinach soon after it has been cut. 


ie aaa: Ua aes 








SUMMARY AND CONCLUSIONS 
The ascorbic acid contents of twelve varieties of spinach grown on 
upland soil were compared with that of the same varieties grown on 
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muck soil, all samples being harvested and analyzed on the same day. 
Those grown on the upland soil averaged 50 per cent higher in vitamin 
C than those from the muck. While in both instances certain varieties 
ran somewhat higher than the average in ascorbie acid, yet the varietal 
differences are believed to be of secondary importance. 

The vitamin C content of spinach as marketed is principally in the 
leaves, the stems being nearly devoid of this vitamin. 

Spinach stored at 1 to 3° C. (33.8 to 37.4° F.) lost its aseorbie acid 
very slowly, whereas that held at room temperature lost approximately 
one half of its ascorbie acid in three days, and practically all of it in 
seven days. 

TABLE 4 


Loss of Ascorbic Acid from Spinach during Storage 























ae Storage Ascorbic acid in leaves after storage for the 
Variety of temperature number of days indicated below 
spinach in degrees C. 
0 3 7 17 
mg.pergm.|mg.pergm.|mg.pergm.| mg. per gm. 
Prickly Winter lto 3 0.78 0.76 0.72 0.39 
Prickly Winter 23 to 26 0.78 0.44 0.05 Spoiled 
Hollandia lto 3 0.79 0.76 0.64 0.49 
Hollandia 23 to 26 0.79 0.39 0.03 Spoiled 














The percentage of ascorbic acid in growing spinach leaves did not 
change materially during the harvesting period of one week. 
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THE PRESERVATION OF GRAPE JUICE 
I, PASTEURIZATION OF CONCORD GRAPE JUICE 


CARL S. PEDERSON 


New York State Agricultural Experiment Station, 
Geneva, New York 


(Received for publication, November 8, 1935) 


INTRODUCTION 


Many factors are involved in the retention in the processed juice 
of the original flavor of the grape. Much of the commercial grape 
juice purchasable on the market has for one reason or another lost 
some of its original flavor and other desired qualities. 

The lowered quality, both in home and commercially prepared 
grape juice, may be due to the time and temperature of heating in 
the sterilization and to other processes. Juice processed in homes by 
the various methods employed is seldom satisfactory or uniform from 
year to year and in many cases a grape extract rather than grape 
juice is obtained. 

The high temperatures of pasteurization, viz., from 87.8 to 100° C. 
(190 to 212° F.) used in the home as well as in commercial plants 
are unnecessary from a theoretical standpoint and are not only costly 
but detrimental to the product. In light of much work in the past 
and particularly that of Thom and Ayers (1916), which indicated 
that even the most resistant molds cannot withstand a temperature 
of 73.9° C. (165° F.), it was thought advisable to determine the 
minimum temperature at which grape juice could be pasteurized 
and still retain a workable margin of safety. A discussion of the 
problem with commercial packers has shown that the pasteurization 
temperatures used were not chosen as a result of carefully planned 
experiments but rather as the result of experience with a certain type 
of mold spoilage. This mold may not have been detrimental to the 
produet, as only a small amount of growth is generally noted, but it 
is usually sufficient to clarify the juice. 


PRELIMINARY STUDIES 


A study of factory conditions revealed one general method of mold 
contamination, i.e., corks, although the molds may be from two differ- 
ent sources. Corks are sometimes pushed into the carboys and allowed 
to remain through subsequent fillings. Molds grow on the juice re- 
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maining on these corks and penetrate into the pores making sterili- 
zation difficult or impossible. This type of spoilage was particularly 
troublesome in the large stoneware carboys used in some plants. A 
second source of contamination was due to a small number of mold 
spores present on new corks used to stopper carboys. It was found 
that these corks could be sterilized or the mold enclosed by dipping the 
cork in hot paraffin immediately before use. Where these precautions 
were observed, loss due to molds was reduced to a minimum. It seemed 
important that a further study should be made of plant conditions to 
study the types of organisms present in juice and equipment and to 
note the effect of heat upon these organisms. 


METHODS OF PREPARATION OF GRAPE JUICE 

Methods used in packing grape juice in all plants are essentially 
the same and are described only as necessary for an explanation of 
results. More complete descriptions are given by Hartmann and Tol- 
man (1918), Dearing (1919), and Fabian (1933 a, b, and c). The 
grapes are washed, stemmed and passed into a cooking kettle or 
through cooking coils in which they are heated to 60 to 62.8° C. (140 to 
145° F.) to facilitate pressing and to extract color from the skins. The 
hot and crushed grapes are poured onto a heavy cloth on the press rack, 
the cloth being folded over the grapes. Another rack is placed over this 
and then a second cloth for more grapes, the racks being built up in 
this manner. The juice that drains before pressing, called free run 
juice, is filtered in some plants before being mixed with the juice 
obtained by pressing. The juice is heated to 82.2 to 90.6° C. (180 
to 195° F.) in coils or vats and filled directly into five-gallon carboys 
of glass or stoneware, one-gallon glass jugs or barrels. Carboys or 
jugs are corked immediately and either cooled in storage or artificially 
cooled before storage. Juice which is to be stored at low tempera- 
turies, i.e., —3.3 to -1.1° C. (26 to 30° F.) is first cooled by passing 
through coils. 

The juice remains in storage from four months to a year, during 
which time the tartrates crystallize and, with certain other materials, 
settle to the bottom as crude argols. The juice is either siphoned from 
the argols or separated by filtration, preheated, filled into bottles of 
the various sizes seen on the market, and pasteurized. In filling, space 
is allowed in the bottle for expansion during pasteurization. 


INFLUENCE OF FACTORY PROCEDURE UPON 
MICROORGANISMS IN GRAPE JUICE 

Plate counts on the juice from the equipment were made in various 

plants. A yeast extract-peptone-glucose agar as suggested by Hucker 
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and Pederson (1930) was used. Plates were incubated at 25 to 32° C. 
for four days. Samples were obtained of a given batch as it passed 
through the equipment. The location of the batch was approximated 
by knowing the time required for the juice to pass through the equip- 
ment. 

The original count on grapes subsequent to stemming varied from 
60,000 to 1,200,000 per ¢.c. These organisms were primarily yeasts 
(Table 1). The majority of these organisms were killed in the extrac- 
tion tanks or coils, counts being reduced to 60 to 140 per e.c. About 
40 per cent of the remaining organisms were bacteria, generally of the 
sporulating type. A few molds were present, although not found in 
the original juice. The number of yeasts present decreased more 
rapidly than did the bacteria or molds. 

Counts of 3000 to 175,000 per ¢.c. were obtained from the free run 
juice as well as in the press juice. Filtering the juice resulted in a 
decreased count. Since the juice is in the carboys within an hour after 
stemming, the increase in count after pressing is not due to growth. 
There is little doubt that the contamination was due to contact with the 
press cloths and equipment, as ordinarily these are washed with warm 
water but not sterilized. These observations confirm the results re- 
ported by Fabian (1933b). No organisms were found at the end of 
pasteurization. 

The question has been raised whether or not living organisms are 
present in a dormant state in stored earboyed juice. Fabian (1933c) 
reported fairly high counts on such juice. In our work, 34 carboys 
of juice were opened in the usual way. Plate counts were made from 
28 carboys immediately after opening, and from six after some of the 
juice had been removed. Counts of the first 28 carboys ranged from 0 
to 30 molds per ¢.c., seven samples showing no molds, while counts on 
the second group ranged from five to 62 molds per e.c. In a second 
series of carboys the vacuum was released by inserting through the cork 
(before loosening and removing it from the carboy) an ordinary sterile 
hypodermic needle, the end plugged with cotton. Air thus entered the 
earboy without contamination of the contents. Forty-eight samples 
taken from 16 of these carboys showed one mold on each of only 
three plates. It was difficult to say if these mold spores were intro- 
duced in spite of the precautions taken. There is little doubt that or- 
ganisms and especially molds are introduced into carboy juice in 
handling. Yeasts were found on none of the plates in either series of 
examinations but undoubtedly are introduced later. 

As previously stated, some juice is stored in barrels or tanks at 
about —2.2° C. (28° F.) or in a slush ice state. A series of counts on 
such juice after a year’s storage varied from 40 to 20,000 per c.c., 
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the counts in general being much lower than in the freshly stored 
juice. The organisms were molds, bacteria, and yeasts. It was found 
that cool storage of grape juice had a greater effect on the reduction 


. of yeasts than on molds and bacteria. 


A point brought out in this study was the possible contamination 
of juice from ‘‘pockets’’ or ‘‘dead-ends’’ in the equipment. Samples 
taken from such sources showed as many as 1,000,000 yeasts per c.c. 


REDUCTION IN MICROOGRANISMS DURING EXTRACTION HEATING 

A reduction in the number of living microorganisms occurs during 
the heating of the fresh grapes at 60 to 62.8° C. (140 to 145° F.) for 
extraction of color. In order to determine the rate of killing of these 
organisms, three samples of Concord grapes were heated, one a high- 
grade product, while the other two were badly bruised two days 
previously and held over for the purpose. These were crushed and 
heated in an aluminum kettle at temperatures of 62.2 and 68.3° C. 
(144 and 155° F.). At regular intervals plate counts were made. 
The results (Table 2) showed a rapid reduction of living microorgan- 
isms beginning before a temperature of 54.4° C. (130° F.) was at- 
tained. At 62.2° C. (144° F.) all yeasts were killed and only a few 
molds remained. No differences were noted between the two juices 
other than that the original count on the poor product was consider- 
ably higher than that on the high-grade juice. Approximately the 
same number of mold spores survived 62.8° C. (145° F.) heating of 
all samples. These were killed at 68.3° C. (155° F.). The fact that 
organisms are killed so readily would indicate that lower temperatures 
might be used in final pasteurization; furthermore, in cold storage of 
grape juice, it might be feasible to reheat the juice and lower the count 
before cooling. 


PASTEURIZATION OF GRAPE JUICES FROM THE FILTER PRESSES 

As previously noted, a heavy recontamination followed pressing. 
If these organisms are as readily destroyed as those originally present 
in the juice, certainly less heat than is used at present is required to 
pasteurize the product. 

Samples were obtained of juice from the holding tank into which 
the freshly pressed juice was emptied, and of the same juice after it 
passed through cooling coils. These were pasteurized in bottles in a 
water bath operated at 65.6 to 66.1° C. (150 to 151° F.). The original 
temperatures of these juices were 38.9 and 8.9° C. (102 and 48° F.) 
and the plate count, 100,000 and 250,000 per ¢.c. Reduction in count 
was not as rapid as in the ease of fresh juice (Table 3). At 63.3° C. 
(146° F.) there were still 1400 and 4000 organisms per c.c. in the 
samples, the first having required 1144 minutes and the second 20 
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minutes to attain this temperature. At 65 and 65.6° C. (149 and 
150° F.) there were 270 and 280 colonies per ¢.c. It was of interest 
to note that molds were not present in this juice and that the yeasts 
were much more resistant than those present on the fresh grapes. 


PASTEURIZATION OF JUICE IN OPEN KETTLES 


Juice, as it comes from the presses, is usually pasteurized in large 
steam kettles before being put into carboys. In the past, although this 
juice has always been heated to approximately 87.8° C. (190° F.), 
there seemed to be little information to show that such temperatures 
were necessary. Such juice not only requires longer time, but it is 
more difficult to cool than juice heated at lower temperatures. Further- 
more, the flavor is impaired. 

Plate counts were made on juices heated in a 100-gallon steam 
kettle, equipped with a mechanical stirrer. In operating these kettles 
the steam was usually turned on before the kettle was completely 
filled, thus fresh juice was added as the temperature rose to the desired 
point. The time required for filling the kettle varied considerably, 
after turning on the steam. In two runs a temperature of over 76.7° C. 
(170° F.) was attained before the kettles were filled, while in two 
others the kettles were filled before heating actually began. Even 
though a preheater was used, the temperature of the juice being added 
to the kettle varied several degrees. In the first two tests (Table 4) 
initial temperatures of 46.6 and 48.3° C. (116 and 119° F.) were 
raised to 88.9 and 72.80° C. (192 and 163° F.) in 1934 and 14 minutes 
respectively. In both cases counts were greatly reduced at tempera- 
tures from 54.4 to 60° C. (130 to 140° F.). Organisms were not 
obtained on plates in either run after 71.1° C. (160° F.) was attained, 
although one mold was found in the second run at 70° C. (158° F.). 
In the third and fourth runs, initial temperatures 63.3 and 66.1° C. 
(146 and 151° F.) were raised to 88.9 and 80.6° C. (192 and 177° F.) 
in 101% and 6 minutes, in spite of the fact that cool juice was still 
being emptied into the kettles. The kettles were being filled for 5 
minutes, 50 seconds in the third test and 5 minutes, 30 seconds in the 
fourth test, after turning on the steam. 

In the third test an original count of 16,000 per c.c. at 63.3° C. 
(146° F.) when the juice was added to the kettle, was reduced to 38 
per ¢.c. when the juice had reached 68.9° C. (156° F.), while at 
72.2° C. (162° F.) no organisms were found to be present. This, in 
spite of the fact that fresh preheated juice was still being emptied 
into the tank for almost 3 minutes. In the fourth test the tempera- 
ture of the original juice was 66.1° C. (151° F.) and the first count 
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made after one-half minute was only 350 per ¢.c. This was reduced 
to 105 in another one-half minute and then to 2, 4, and 5 per e.e. in 
2 to 3 minutes, all of these latter being molds. Bacterial colonies were 
noted on the plates showing 105 and 350 colonies per ¢.c. This was 
the only case in which colonies were found after a temperature of 
71.1° C. (160° F.) was attained, but it should be noted that in this 
case a temperature of 79.4° C. (175° F.) was attained before the kettle 
was completely filled. Apparently if organisms were introduced in 
the freshly added juice, they were killed immediately. 


It appears as a logical conclusion from this that all bacteria, yeast 
and molds are killed in the cooking kettle at temperatures below 
73.9° C. (165° F.). This is considerably lower than the temperature 
of 87.8 to 90.6° C. (190 to 195° F.) used in the past. Of course greater 
precaution is necessary in handling the product, but the improvement 
in quality of juice resulting from the use of lower temperatures is 
sufficient to warrant its adoption. A source of contamination present 
in such kettles is the foam on the surface. This is a well insulated 
substance and extremely difficult to sterilize. On the other hand, there 
is little need to allow it to enter the carboys; furthermore, since heat- 
ing is not uniform, stirring is essential to efficient pasteurization. 


The use of 82.2 and 73.9° C. (180 and 165° F.) pasteurization has 
been tried on a very large seale in one of the larger plants. The for- 
mer temperature has been adopted for the present. The latter temper- 
ature, although giving somewhat higher percentage contamination 
when first tried, has been shown subsequently to be almost as effective 
as 82.2 or 87.8° C. (180 or 190° F.). Without doubt, pasteurization 
temperatures lower than 82.2° C. (180° F.) ean be used successfully. 


PASTEURIZATION OF GRAPE JUICE IN THE BOTTLE 

After the juice has been stored in the carboys or in cold storage for 
four months or more, the argols are usually precipitated sufficiently to 
allow bottling for the trade. The juice is separated from the argols 
and all or part of the juice is filtered through a roughing filter. The 
degree of filtration varies with different companies, some prefering 
the dark, clear juice which is filtered through fine filters, while others 
prefer the red-purple, cloudy juice, filtered only enough that precipi- 
tates will not form in the bottle. Some desire the clarity produced by a 
Seitz EK filtration or clarification by enzyme treatment. 

Study of Plant Operations: Regardless of the method used, con- 
tamination from the equipment and air takes place in bottling opera- 
tion. This degree of contamination is extremely variable and is without 
a doubt related to the length of time held and to the equipment used. 
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In some plants all of the carboy juice is filtered through a very coarse 
filter, while in others the top is siphoned and only the bottom filtered. 
A second filtration is sometimes given, a filter aid being added. The 
juice is then pumped or allowed to flow into a preheating vat from 
which it is bottled. Plate counts on juice before filtration varied from 
5400 to 200,000 per e.c. The high count can be explained only on the 
basis of growth during holding. About 95 per cent of these organisms 
were removed in filtering, but the number increased again to a few 
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FigurE 1. Transmission of Heat to Center of Bottle of Concord Grape Juice in 
a Bath at 71.1° C. (160° F.). 


thousand per c.c. before the juice was bottled. The bottles of juice 
were pasteurized in equipment so constructed that it was possible to 
obtain bottles only after passing through a preheating section. At this 
point a temperature of 50 to 52.8° C. (122 to 127° F.) was attained in 
the bottle, but very little, if any, reduction in count had taken place. 
At the end of the pasteurization, temperatures of 76.1° C. (169° F.) 
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having been attained in pint bottles and 73.3° C. (164° F.) in eight- 
ounce bottles, no organisms remained, as shown by 1 e.c. platings on 
16 plates. Moreover, no spoilage had been noted with the juice. A 
number of samples pasteurized at 82.2° C. (180° F.) had been pre- 
viously examined without finding living organisms. 

Heat Transmission in Bottles of Grape Juice: In studying the 
temperature required for pasteurization, it is essential to determine 
the temperature actually attained in the bottle. Fortunately, the prob- 
lem has been studied fully for 82.2° C. (180° F.) pasteurization by 
Ford and Osborne (1928) and by Nelson and Stevenson (1931, reported 
by Hicks). The curves presented (Fig. 1) were obtained from pasteur- 
izing various-sized bottles of Concord grape juice at 71.1° C. (160° F.) 


TEMPERATURE, DEGREES FAHRENHEIT 





TIME IN MINUTES 





Figure 2. Transmission of Heat ’ Center of Bottle of Concord Grape Juice in 
Berry- Wehmiller Pasteurizer at 73.3° C. (164° F. ) and 76.7° C. (170° F.). 





in a copper kettle 10 inches in diameter and 101% inches deep, using 
a gas burner to heat the water. Temperatures were obtained from a 
long-stemmed mercury thermometer, inserted through a cork, with the 
bulb at the center of the bottle. The transmission of heat as noted is in 
agreement with the results previously cited; that is, the center of 
the bottle attained the temperature of pasteurization about 35 minutes 
after being placed in the pasteurizer. 
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Heat transmission in bottles is regularly determined in many fruit- 
juice plants by means of a Tycos recording-thermometer with a bottle 
attached, which circulates through the pasteurizer. The transmission 
of heat as obtained in a pint and an eight-ounce bottle in a Perry- 
Wehmiller pasteurizer (Fig. 2) shows that the temperature of the 
juice within the bottle attained that of the pasteurizer in about 35 to 
40 minutes. 


Experimental Pasteurization in Bottles: A number of tests were 
earried out upon freshly bottled Concord juice in various pasteurizers. 
In order that samples could be removed at intervals for plating, certain 
bottles were pasteurized in an upright position. Temperature readings 
were obtained from bottles adjoining the bottle for sampling. Bottles 
were ordinarily removed for incubation either at the time of sampling 
for plate counts, or at regular intervals. Preliminary tests at 82.2° C. 
(180° F.) indicated that organisms in the juice were killed in the 
bottle at temperatures from 60 to 65.6° C. (140 to 150° F.). 

Juice which had been contaminated with mold was filled into eight- 
ounce bottles and pasteurized for 45 minutes, in a pasteurizing vat of 
special design.* The juice fermented in the control bottles and in the 
first four sets of bottles removed, but the remaining bottles showed no 
indication of growth of microorganisms. The last colony was obtained 
on the plate poured when a t¢mperature of only 59.4° C. (139° F.) 
was attained (Table 5). The next plating was made when 63.9° C. 
(147° F.) had been attained. Of particular interest is the fact that 
the molds were killed at this low temperature. 

Two bottles each of several types of juice were pasteurized at 
65.6° C. (150° F.). Organisms in juice containing sodium benzoate 
were killed by the time this juice had reached 50° C. (122° F.) while 
at the same temperature the number of organisms in the same juice 
unbenzoated (Table 5) were not materially recuced. It was also found 
that organisms were killed at lower temperatures in partially fer- 
mented juice, or in the juice clarified with ‘‘Pectinol’’, than in the 
fresh or untreated juice. 

Two lots of juice were pasteurized at various low temperatures 
under more carefully controlled conditions than previous runs. The 
first was a juice stored in carboys that had been packed at 82.2° C. 
(180° F.), the second a juice that had been held in cool storage. Bottles 
of the juice from carboys were pasteurized at 65.6, 68.3 71.1, and 
73.8° C. (150, 155, 160, and 166° F.), the juice being heated in a kettle 
before bottling and bottled at about 5° below the pasteurizing tempera- 


* The author wishes to express his appreciation for the assistance of Dr. D. C. 
Carpenter of this Station who designed this special equipment and contributed the 
thermocouple temperature readings in this equipment. 
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ture. Plate counts made at regular intervals during the preheating and 
the pasteurizing in the first three runs (Table 6) showed a very rapid 
reduction in count. The majority of organisms were killed below 
51.7° C. (125° F.), that is even before the juice was bottled. During the 
pasteurization at 65.6° C. (150° F.) a few organisms persisted (Table 
6) throughout the 30-minute holding period. Juice in bottles removed 
from the pasteurizer at 5-, 10-, 15-, 20-, and 25-minute holding times 
fermented, only the juice in bottles pasteurized for 30 minutes re- 
mained sterile. Similarly in the 68.3° C. (155° F.) pasteurization, 
organisms persisted (Table 6) after 17 minutes. In spite of this, all 
bottles in this run, except one removed after 15 minutes, showed no 
organisms present after incubation for a week. A spore-forming bac- 
terium was isolated from this bottle. Juice pasteurized at 71.1° C. 
(160° F.) kept perfectly, and none of the plates showed organisms 
throughout the holding period. At the end of eight months bottles 
were examined. Little difference in quality could be noted between the 
series of juices pasteurized at 74.4, 71.1, and 68.3° C. (166, 160, and 
155° F.). None of these juices was as good as the original juice, each 
showing some brown sedimentation and loss of flavor. 

Bottles of the second lot of juice were handled in exactly the same 
way (Table 7) as the previous lot, and then were pasteurized at 66.1, 
68.9, and 71.7° C. (151, 156, and 161° F.). The juice contained few 
organisms, but these were reduced in number so that during the 
holding period only a few colonies were obtained during the 66.1° C. 
(151° F.) pasteurization and only one at 68.9° C. (156° F.) and 
none on the plates at 71.7° C. (161° F.). In this case as in the 
similar series in the previous samples, the juice fermented in a num- 
ber of bottles of 66.1° C. (151° F.) pasteurization. A mold was recov- 
ered on a plate from a bottle pasteurized at 68.9° C. (156° F.) for 20 
minutes. Otherwise, all bottles in the 68.9 and 71.7° C. (156 and 
161° F.) pasteurizations remained sterile. The juices, which were 
originally quite clear, became cloudy shortly after pasteurization, 
and the color changed to a muddy brown. This was not noticeable in 
the former series since the juices were somewhat cloudy when bottled. 
After about a year the juices had cleared by sedimentation. This 
clear juice lacked body and had a rather flat, insipid flavor. 

Several samples of Concord juice were pasteurized in bottles to 
note whether differences in flavor could be detected after several 
months. After approximately a month, although the samples were 
sterile, the juice, heated to only 68.3° C. (155° F.), had developed a 
peculiar flavor difficult to describe and not at all pleasing. This may 
have been due to enzymatic action. The 73.9° C. (165° F.) pasteurized 
juice was somewhat superior to that pasteurized at 82.2° C. (180° F.) 
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but both had lost much of the original quality. After three months 
none of the samples had the original aroma and flavor of the juice 
and although the 73.9° C. (165° F.) pasteurized juice was the best, 
it was not a good juice. A study of the cause of this loss of quality will 
be considered in Part II, a subsequent paper (Tressler and Pederson, 
1936). 


SUMMARY 


The primary purpose of this study has been to determine whether 
or not the quality of Coneord grape juice could be improved. To do 
this it seemed that a study must be made of the pasteurization tempera- 
tures necessary for the killing of microorganisms, particularly molds. 
This involved a study of the organisms present in grape juice during 
the pressing, pasteurization, and bottling. It furthermore involved a 
study of possible sources of contamination of the juice by molds and 
yeasts. 

Relatively few organisms, primarily molds and bacteria, survive the 
heating of Concord grapes for extraction. A large number of organ- 
isms are introduced in the pressing operations. These apparently are 
not the result of growth in the juice but are due to contamination from 
equipment. These organisms, which are mainly yeasts, are apparently 
more resistant to heat than the yeasts natural to the grape. All organ- 
isms are killed in the pasteurization before filling carboys. The juice in 
earboys is occasionally spoiled by mold growth. The source of this 
contamination may be mold spores on the corks used for closure o1 
mold spores on corks which had been pushed into the carboys when 
previously used. The latter source of contamination can be overcome 
only by removal of these corks ; the former may be overcome by dipping 
the corks in hot paraffin immediately before use. 


Sufficient evidence has been presented to show that Concord grape 
juice can be pasteurized successfully using ordinary precautions, at 
temperatures considerably lower than those used at present in the in- 
dustry or in the home. A temperature of 71.1° C. (160° F.) is appar- 
ently sufficient, although 73.9 to 76.7° C. (165 to 170° F.) would be 
safer, especially for carboy juice made from Concord grapes. The 
majority of yeasts and bacteria are killed at temperatures well be- 
low 62.8° C. (145° F.). The molds are more resistant but are apparent- 
ly unable to withstand temperatures much above 68.3° C. (155° F.). 

Lower temperatures used in pasteurization do not alone improve 
flavor, aroma, and color, nor retard precipitation in the juice. These 
points will be considered in detail in a subsequent paper by Tressler 
and Pederson (1936). 
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INTRODUCTION 


Although preservation of various food stuffs by freezing may be 
regarded as a long-established practice, application of the principle 
to the preservation of vegetables and fruits and its commercial devel- 
opment along rational lines are of more recent standing. Admirable 
historical reviews and general summaries of the literature on the appli- 
cation of cold to the preservation of foods with special reference to 
frozen fruits and vegetables have been recently made by James (1932) 
and Wallace and Tanner (1933). To these reviews the reader is referred 
for a general survey of the relevant literature up to 1933. 

In considering the effect of freezing upon the surviving of micro- 
organisms in fruits and vegetables and their possible development 
upon defrosting, attention has rightly been given to the behavior of 
Cl. botulinum. The work of Straka and James (1932, 1933, 1935), 
James (1933) and Wallace and Park (1933) showed that although the 
spores and toxin of Cl. botulinum are not destroyed by freezing, there 
is little danger of botulism from frozen foods if handled properly and 
used immediately after defrosting. Allowed to thaw and stand for 
days at room temperature, however, foods containing spores of this 
organism may become dangerous. ‘i 

Respecting the general microflora of frozen fruits and vegetables, 
pronounced decreases in numbers varying with such factors as the 
nature of the product, temperature, and type of container have been 
noted by several workers. Prescott, Bates, and Highlands (1932) and 
Berry (1933) observed that with some products greater destruction of 
microorganisms occurred at higher storage temperatures (e.g.—10°C.) 
than at lower temperatures. This phenomenon has also been observed 
by Bedford (1934) with bacteria on frozen fish. Decrease in numbers, 
however, does not continue to the point of complete sterilization of the 
frozen product. Thus Smart (1934) found numerous species of bac- 
teria and several species of molds and yeasts surviving in sealed tins of 
frozen strawberries after three years’ storage at —9.4° C. (15° F.). 
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EXPERIMENTAL WORK 


In the work here reported the numbers of microorganisms occurring 
in frozen vegetables and fruits after varying lengths of storage were 
observed, and a more detailed qualitative study was made of the rela- 
tive frequency of various types of bacteria present in the freshly packed 
vegetables and in the same products after being frozen for nine months. 
Four vegetables (asparagus, peas, beans, and corn) and two fruits 
(strawberries and raspberries) were used for these examinations. All 
were prepared and packed by the Division of Horticulture, Central 
Experimental Farm. For vegetables five methods of preparation were 
employed as follows: 

(1) Packed in water (after blanching in boiling water) 

(2) Packed in water (after blanching in boiling brine) 

(3) Packed in 3 per cent brine (after blanching in boiling water) 
(4) Packed in 3 per cent brine (after blanching in boiling brine) 
(5) Dry pack 

All produets were packed in paraffin-lined, one-pint cartons. In the 
ease of the wet packs sufficient liquid was added to cover the solid 
portions of the vegetables. Strawberries were packed in sugar syrup 
of 55° and raspberries in syrup of 45° Balling. After packing all 
products were stored in a freezer at —17.8° C. (0° F.) and kept frozen 
until tested. 

For analysis duplicate cartons were defrosted at 37° C. (98.6° F.) 
and tested as soon as the material was workable. From the earton 100 
ems. of the solid material were removed aseptically into a sterile jar 
and 50 ¢.e. of the liquid from the package added. (In ease of products 
packed dry 50 c.c. of sterile water was substituted.) The material was 
mashed thoroughly and 100 ¢.c. of sterile water added. The jar, after 
being sealed, was vigorously shaken 200 times and further dilutions 
were made in the usual way as required, by the addition of 10 c.c. 
portions to 90 ¢.e. sterile water blanks. 

Determinations were made of the numbers of bacteria developing on 
standard nutrient agar, the plates being incubated at 20° C. (68° F.) 
for 4 days. Wort agar plates were also used for estimating numbers of 
yeasts and molds, the reaction of the medium being adjusted to approxi- 
mately pH =—3.6 by the addition of 5 per cent malic acid just before 
plating in order to suppress growth of bacteria. These plates were 
also incubated at 20° C. (68° F.) for 4 days. 

Organisms of the coli-aerogenes group were estimated by adding 
suitable dilutions of the sample to tubes of brilliant green lactose bile 
broth and ineubating at 37° C. (98.6° F.) for 48 hours. An estimate 
was also made of anaerobic spores by adding similar dilutions to the 
semi-solid reduced iron medium described by Seott and Brandly (1933). 
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The inoculum was heated for 10 minutes in boiling water. Tubes were 
incubated at 37° C. (98.6° F.) for 3 weeks. 


EFFECT OF FREEZING ON NUMBERS OF MICROORGANISMS 


A survey of the data indicates the great variations which may be 
encountered in the microbial content of freshly packed materials 
(Table 1). This is doubtless due to variations in the supply of raw 
material which must necessarily be obtained over several days. Differ- 
ences in material used and daily fluctuations in dust and soil conditions 
tend to make the microbial load of the raw product variable. The data 
suggest, however, that differences in original microbie content of freshly 
packed material tend to become largely obliterated during storage. 

So far as methods of packing are concerned the figures do not indi- 
cate that they have any significant effect on the germs which survive 
during the storage of the vegetables. Comparison of water and brine 
packs showed that differences in bacterial content present in freshly 
packed material became less pronounced during storage, so that little 
distinction is possible between the two methods. The only exception 
noted was in corn where considerably larger proportions of bacteria 
were found to survive with the water pack than with the brine pack. 
Likewise, little significant difference was noted between the numbers 
of surviving organisms in the dry and wet packs. Only in the ease of 
peas were there considerably greater numbers of bacteria after storage 
in the dry-packed product. 

In the frozen vegetables tested the numbers of yeasts and molds 
were relatively insignificant compared with the numbers of bacteria. 
In the fruits examined, however, yeasts and molds were numerically 
a more important part of the microflora encountered, as the data for 
strawberries and raspberries show (Table 2). 


TABLE 2 


Microorganisms in Frozen Fruits 








Plate count per gram 





Product Fresh Stored Stored Stored Stored Stored 
pack 6 wks. 12 wks. 18 wks. 24 wks. 40 wks. 





Strawberries 
Bacteria 20,000 9,890 7,410 3,280 2,020 600 
I  cocnicccusewniiaien 9,330 2,820 1,580 970 1,280 1,780 
i cicciincoviasvessvbinves 2,110 4,220 2,090 810 | 280 640 


Raspberries 
Bacteria 50,380 45,700 17,800 1,200 5,820 
pA iii dcwiciaphiceaivavess 20,200 39,400 6,840 3,980 2,400 
10,500 19,100 3,280 1,140 500 
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WEEKS IN STORAGE AT 0° F. 
Figure 1. Bacteria Surviving in Frozen-Pack Vegetables. Average of all packs. 
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10 15 20 
WEEKS IN STORAGE AT 0° F. 
Figure 2. Microorganisms Surviving in Frozen-Pack Strawberries and Rasp- 
berries. 


The effect of storage upon the average numbers of organisms sur- 
viving in the vegetables and fruits studied is shown graphically in 
in Figs. 1 and 2. With vegetables the decrease in bacterial numbers 
was more pronounced in the first weeks of storage, after which further 
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decline was much slower, or absent, as with corn. With strawberries 
and raspberries, decrease in bacteria followed a more uniform rate 
throughout the experiment. In spite of the decreases noted, however, 
the experiments indicate that even after nine months’ storage at 
—17.8° C. (0° F.) appreciable numbers of microorganisms may re- 
main alive on vegetables and fruits. Preservation at this temperature, 
which is considerably under the critical temperature of approximately 
—7.8° C. (18° F.) below which the growth of microorganisms may 
be said to cease, is to be regarded in no way as a process of steriliza- 
tion. This is in line with results of other investigators. 

Tests to note the prevalence of organisms of the coli-aerogenes 
group and anaerobic spores showed that the actual numbers were rela- 
tively low in both cases. As was the case with the total counts, con- 
siderable variation was encountered in various batches of freshly 
packed material, though such differences became largely obliterated 
during storage. Coli-aerogenes types showed a pronounced drop in 
numbers during the first few weeks of freezing after which time 
(six weeks) the numbers were insignificant, particularly with beans 
and asparagus, the more acid of the vegetables studied, and with the 
distinetly acid strawberries and raspberries. Confirmatory tests made 
from time to time indicated that the lactose fermenting organisms 
were Aerobacter rather than Escherichia types. As predictable, an- 
aerobic spores, though occurring in small numbers, were more resistant 
to freezing than others and persisted in somewhat diminished num- 
bers throughout the period. 


DEVELOPMENT OF MICROORGANISMS AFTER DEFROSTING 


In order to note what development of microorganisms might be 
expected by holding frozen vegetables at ordinary household tempera- 
tures, additional tests were made on samples which were removed from 
the freezer after nine months’ storage and allowed to defrost (a) in 
an ice-box at 5 to 10° C. (41 to 50° F.) for 31%4 days, and (b) at 
ordinary room temperature for 314 (or 114) days. 

With the vegetables studied enormous increases in total counts 
of bacteria were found in the material defrosted for 314 days (or 1% 
days) at room temperature, while only moderate increases were noted 
at ice-box temperatures (Table 3). The increase in the coli-aerogenes 
types was confined to samples held at room temperature. Tests for 
anaerobic spores indicated little change while yeasts showed moderate 
increases depending upon the temperature of holding. With the more 
acid products, strawberries and raspberries, increases in numbers of 
microorganisms studied were relatively slight at 5 to 10° C. (41 to 
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50° F.) but more pronounced at room temperature, though much less 
striking than in the ease of the less acid vegetables. Coli-aerogenes 
types and anaerobic spores showed no indication of development in 
the fruits during the holding period. 


INCIDENCE OF VARIOUS TYPES OF BACTERIA IN FRESH AND 
FROZEN VEGETABLES 


To note the effect of freezing on the prevalence of various types of 
bacteria found in freshly packed vegetables, determinations were made 
of the relative frequency of different generic types present at the 
start and after nine months’ storage at —17.8° C. (0° F.). 

With each of the four vegetables studied, two agar plates were 
selected using duplicate plates representing each of the five methods 
of packing. From them, all colonies, or at least 50 colonies in even 
sectors of the plates, were transferred to agar plates. Cultures were 
compared microscopically and macroscopically and sufficient physio- 
logical tests made to permit the elimination of similar species and to 
establish the generic classification of the organisms. Estimations 
were made of the frequency of the types i1 the product studied. All 
tests were conducted at room temperature. 

In all cases similar trends were evident in the effect of storage 
on the relative abundance of the types noted (Table 4). Micrococei 
and species of Flavobacterium were found to survive freezing rela- 
tively better than other forms, forming noticeably higher proportions 
of the total population after storage than in the fresh pack. Achromo- 
baeter species comprised in all cases the largest group in the fresh 
pack but declined relatively to a marked degree in the stored vege- 
tables. 

The decline in the proportions of spore-forming bacteria in three 
cases out of four may appear surprising. This may be due to condi- 
tions favoring spore germination during the preliminary handling of 
the products and the eonsequent presence of many organisms in the 
vegetative stage at the time the packed material reached freezing 
temperature. In this condition they might be expected to be no less 
susceptible to cold than non-spore-forming types. Another feature of 
the experiment was the occurrence of colonies, usually small, on the 
plates prepared from the stored frozen pack which failed to show 
growth on transfer to agar slants. This fact suggests that among the 
survivors after nine months a proportion represent cells of low 
vitality. 

The results of the experiments emphasize the fact that frozen 
vegetables and fruits are not sterile and cannot be treated similarly 
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to heat processed foods. Frozen promptly and kept frozen uninter- 
ruptedly, vegetables and fruit are safe from microbial spoilage. Re- 
moved from the freezer, however, they should be regarded as dis- 
tinetly perishable products and consumed promptly. j 









































SUMMARY 


Studies of frozen-pack vegetables and fruits (asparagus, peas, 
beans, corn, strawberries, and raspberries) indicate that the microbic 
load of freshly packed material may be subject to wide variations 
which tend to become obliterated during storage at —17.8° C. (0° F.). 


With the vegetables studied there was a pronounced decrease in 
the numbers of microorganisms during the first weeks of storage, 
after which they declined slowly or remained stationary. In the case 
of fruits the decrease appeared to be more gradual. 

From the microbiological standpoint the method of packing vege- 
tables (water, brine, dry-pack) was not an important factor under 
the experimental conditions. 

Bacteria were by far the predominant organisms in the frozen- 
pack vegetables. Yeasts and molds were relatively more numerous in 
the acid fruits. 

Even after nine months’ freezing at —17.8° C. (0° F.) frozen 
vegetables and fruits may contain appreciable numbers of micro- 
organisms. These are sufficient to develop in the defrosted material 
and cause spoilage if the product is not consumed promptly. Deve!op- 
ment of microorganisms is appreciable at 5 to 10° C. (41 to 50° F.) 
and enormous at room temperature, particularly with vegetables. 
Colon-aerogenes types, though scarce, may persist in small numbers 
after nine months’ freezing and increase greatly in defrosted vege- 
tables at room temperature. 

Micrococci and species of Flavobacterium withstand freezing better 
than other types occurring in fresh-pack vegetables, comprising a ie 
noticeably greater percentage of the types surviving after nine months’ 
freezing. 
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VACUUM DETERMINATION IN ALL-GLASS CANNING JARS* 


W. A. MACLINN anp C. R. FELLERS 
Massachusetts State College, Amherst, Massachusetts 


(Received for publication, November 22, 1935) 


The all-glass food preserving jar is one of the most widely used 
types of container for home canning. The jar of food is normally 
processed (sterilized) by heating at a time and temperature sufficient 
to destroy microorganisms which may develop and cause spoilage in 
the product. As the jar is cooled an efficient seai, or a complete seal, 
will insure development of vacuum. The vacuum developed is not as 





Figure 1. Vacuum Desiccator and Accessories for Determination of Vacuum in 
Glass Containers. 


easily determined as that of the tin container, where it is necessary only 
to insert a gauge and make a direct reading. 

For determination of vacuums in all-glass canning jars, two meth- 
ods of approaching the problem from different viewpoints have been 
developed. 

VACUUM DESICCATOR METHOD 

For convenience, one method is designated as the vacuum desiccator 
method and is described as follows: A large vacuum desiccator (fig- 
ure 1) is connected with pressure rubber tubing to a vacuum pump. 
The connections should be tight so that a vacuum of 27 to 29 inches can 

* Contribution Number 235, Massachusetts Agricultural Experiment Station, 
Amherst. 
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be attained. An ordinary Chapman water pump attached to a labora- 
tory water faucet will usually answer the purpose. 

The jar of food with clamps removed is immersed in an open glass 
vessel which contains sufficient water to cover the jar. The vessel with 
the jar inside is placed within the desiccator, the lid of the latter 
replaced, and the stopeock opened. A vacuum gauge is connected in 
the line to indicate the vacuum. All connections must be gas-tight. 

The air is slowly exhausted. When the vacuum inside the desiccator 
exceeds that in the jar, the glass cover will lift a little, allowing 
bubbles to escape. The vacuum gauge is read at this instant. 

Jars to be examined should be run through this process before the 
rubber ring adheres to the cover too tightly, since rubber rings on jars 
of fruit which have been canned for a long time are often difficult 
to remove. 


WATER DISPLACEMENT METHOD 


This method depends on displacement by water of a certain volume 
of the head space, depending upon the vacuum (partial pressure) 
present in the jar. 

The jar is weighed after processing; this weight includes the com- 
plete container and contents. The jar is then immersed in water in an 


inverted position and the seal broken, which permits the head space to 
fill with water in proportion to the vacuum in the head space. Still 
holding the jar inverted, the water levels inside and outside the jar 
are made the same, the cap is replaced, the clamps tightened, and then 
removed from the water, wiped off, and reweighed. The difference in 
weight between the second and first weighing gives the amount of water 
which is sucked in. The lid is then removed and the jar completely 
filled with water, including the volume under the glass cover. This 
weight minus the first weight gives the volume of head space and from 
the weight of water sucked in, the vacuum can be calculated. The 
technic is very simple. 


An example: 
(a) Weight of jar and contents after processing 980 grams 
(b) Weight after opening under water 1030 grams 
Te RN igs asc oseisesiisiisecnnocesvennrebtevideeniazeons 50 grams 
(d) Weight of jar and contents completely full 1050 grams 
(e) Original head space volume (d—a) 
(b—a) ; 
(f) Vacuum i ooo ccesiiscs dead as ister cosekecapesobinabialnennoioms 21.4 inches 
(d—a) 
That both methods are reliable is shown by the following experi- 
ment: Water was filled into 24 pint jars, all with the same head space, 


partially sealed, processed for varying periods of time at 100° C. 
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(212° F.), then sealed and allowed to cool to room temperature 21° C. 
(70° F.). Two jars were processed for each period of time to provide 
checks. 
TABLE 1 
Determination of Vacuum in All-Glass Jars 








Water displacement method Vacuum desiccator method 





Processing time Vacuum Processing time Vacuum 








Minutes Inches of Hg Minutes Inches of Hg 
Jarl Jar 2 Jarl Jar 2 


5 19 19 35 Zt 26.7 
10 23 23 40 27.6 27.9 
15 24.5 0 45 | 26.7 26.7 
20 26.5 26.5 27.6 27.0 
25 26.5 26.2 55 24.1 24.0 
30 25.5 26.2 60 26.7 bit 














The degree of vacuum developed in pint jars containing water 
does not increase after the boiling point is reached (Table 1). Good 
duplicate determinations can usually be obtained by either method ; 
occasional determinations are lost, owing to a number of obvi- 
ously complicating factors. This is particularly true in jars of food 
which have been canned for a long time. 


TABLE 2 


Comparison of Vacuum Desiccator and Water Displacement Methods of 
Determining Vacuum in All-Glass Jars 








Processing Vacuum desiccator Water displacement 
time method method 


Minutes Inches of Hg Inches of Hg 
A A 





5 14 14. 13.9 14.7 
10 17.7 17. 17.1 18.9 
15 20.0 18. 17.1 18.3 
20 21.0 vin 24.1 4.2 
5 13.0 12.4 16.5 17.1 
10 17.1 17.9 18.9 17.4 
15 17.9 17.8 15.9 17.1 
20 18.8 19.4 14.4 20.4 
5 15.0 15.0 18.9 ones 
10 16.9 18.1 17.4 16.8 
15 19.7 20.1 18.6 20.4 
20 19.6 19.0 17.1 18.0 











In order to further check the methods, four jars for each processing 
time of 5, 10, 15, and 20 minutes at 100° C. (212° F.) were utilized. 
Of the four jars in each series which had been processed exactly alike, 
two were used to make vacuum determinations by each method. Thus 
a nearly direct comparison is obtained (Table 2). Obviously, it is im- 
possible to test the same jar for vacuum by more than one method. 
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In order to supplement previous data, groups of jars were proc- 
essed for 15, 20, or 25 minutes at 100° C. (212° F.) and the average 
vacuums developed shown by the two methods (Table 3). 


TABLE 3 


Comparison of the Vacuum Desiccator and Water Displacement Methods 
of Determining Vacuum in All-Glass Jars Processed at 100° C. (212° F.) 








N f Water displace- Vacuum desiccator 
NO. 0 ment method method 


Processing time Average vacuum Average vacuum 





Minutes Inches of Hg Inches of Hg 
15 23.3 22.6 
20 24.0 23.1 


25 26.3 22.9 














A similar comparison of the two methods was made by processing 
lots of two dozen pint jars of water in the pressure cooker at 115.6° C. 
(240° F.) at 20, 40, and 60 minutes respectively (Table 4). 

Excellent agreement is obtained by the use of either the vacuum 
desiccator or water displacement methods in determining vacuum in 
glass jars. While the water displacement method yields good results 
with water or weak solutions of brine or sugar, it becomes less and less 
accurate as the concentration of soluble solids increases. 


TABLE 4 


Comparison of the Vacuum Desiccator and Water Displacement Methods of 
Determining Vacuum in All-Glass Jars Processed at 115.6° C. (240° F.) 








Processing time 


No. of 
jars 


Vacuum-desiccator 
method 


Average vacuum 


Water displace- 
ment method 


Average vacuum 





Minutes 
20 
40 
60 





23 
24 
24 





Inches of Hg 
27.3 
27.7 
27.9 





Inches of Hg 
27.2 
28.1 
27.3 





The vacuum desiccator method is accurate in determining vacuums 


in jars of all food products where the adhesion of the rubber ring to 
the lid or jar is not too great. 


SUMMARY 


The vacuum desiccator and water displacement methods of deter- 
mining the vacuum in all-glass preserving jars are described. Both 
methods are reasonably accurate, easy to manipulate, and have proved 
valuable in the laboratory examination of foods canned in glass. 
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MICROBIOLOGICAL EXAMINATION OF DRIED FOODS? 


J. A. CLAGUE 


Department of Bacteriology 
Massachusetts State College, Amherst, Massachusetts 


(Received for publication, Dee. 2, 1935) 


During the past few years there has been some agitation in public 
health circles for the development of standard methods for the exami- 
nation of fresh, canned, frozen, and dried foods similar to the standard 
methods for the examination of water and milk. Theoretically it would 
seem that there should be little danger of infection from the eating of 
dried foods. The types of dried foods, however, vary so much in 
composition and in the form in which they are eaten, that it seems 
desirable to learn something more about the microbiology of such 
products. 

There is comparatively little literature on microbiology of dried 
foods other than eggs and milk. Prescott and his coworkers (1920, 
1922) have made most thorough studies on the subject. They found 
that bacteria present on dried foods were similar to those occurring 
on fresh fruits or in soil and water. The numbers of microorganisms 
decreased during storage, provided moisture remained approximately 
constant. Laboratory and factory experiments showed that pathogenic 
bacteria artificially inoculated onto foods were not detectable after 
dehydration. Hunwicke and Grinling (1928) traced an outbreak of 
severe colitis to French packaged dates. Smeall (1932) found that the 
typhoid bacillus remained viable for 68 days on dates. As a safe- 
guard against infection from dried fruits Fellers (1930) recommended 
pasteurization. Clague and Fellers (1933) studied time, temperature, 
and humidity relationship in pasteurization of dates, and Naoum 
(1934) carried studies further to include figs. A very good summary of 
public health aspects of dried foods was presented by Nichols (1934) 
who pointed out that high-acid and low-protein contents of dried 
fruits, and the manner in which dried vegetables and most dried 
fruits are prepared for consumption, are safeguards against infection 
or bacterial poisoning from these foods. 

The relation of moisture content to keeping quality of various 
dried foods has been studied by a number of workers: Cruess et al 


* Contribution No. 233 of the Massachusetts Agricultural Experiment Station. 
This paper was prepared from a thesis submitted to the faculty of the Graduate 
School of the Massachusetts State College in partial fulfillment for the degree of 
Doctor of Philosophy. 
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(1920, 1921), Culpepper and Caldwell (1928), Gore and Mangels 
(1921), Lewis et al (1917), McGillivray (1917), Nichols (1920), and 
Nichols et al (1925). It was found that to assure the best keeping 
qualities moisture content of fruits containing much sugar should not 
exceed 18 to 22 per cent, while that of other fruits and vegetables 
should not exceed 5 to 10 per cent. 

The purpose of this study is to investigate and develop methods 
for determining the number and kinds of microorganisms on dried 
foods, and to study effects of dehydration on the microbiological flora 
of fresh foods. 

EXPERIMENTAL WORK 
Media 

Tomato agar, dextrose agar, and plain nutrient agar were used in 
this study. Preliminary tests showed tomato agar to be as effective as 
wort agar for growing fungi; it had the added advantage of being 
more easily prepared. The clear juice was strained and filtered from 
canned tomatoes and made into media according to the following 


formula: 
Tomato juice 
Peptone (Difco) 
Dextrose (Difco) 











The increased agar content was used to take care of hydrolysis caused 
by low pH which was about 4.5 without adjustment, making the 
medium satisfactory for growth of most fungi, and at the same time 
inhibitory for common bacteria. Sterilization was at 10 pounds steam 
pressure for 10 minutes. 

Dextrose agar and plain nutrient agar were prepared according to 
Standard Methods of Water Analysis (1933). 


PROCEDURE 


Dried foods may be divided into two general groups from the 
standpoint of microbiological examination. One group would include 
such fruits as figs, dates, prunes, peaches, apricots, apples, and raisins, 
all of which are marketed either as whole dried fruit or as sliced or 
halved fruits. The other group consists of powdered vegetables and 
fruits, and the less common fruit and vegetable ‘‘films.’’ 

In testing whole and cut fruits two methods were tried. The first 
procedure was to take whole pieces of fruit and aseptically cut off 
portions until a 10-gram sample was obtained. If prunes were being 
examined, for example, a sterile petri dish cover was tared on a balance 
and portions from whole prunes were cut into the dish until the proper 
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weight was obtained. This material was then transferred to a dilution 
bottle containing 90 c.c. of sterile water. 

The second procedure was to take a given number of whole pieces 
of the fruit and place them directly in a bottle containing 100 c.c. of 
water. In testing prunes five whole prunes were taken as a sample; in 
testing apricots five halves were taken, because dried apricots are ; 
marketed in halves. After shaking the bottle by hand 1 e.c. of the 
suspension in the bottle was plated directly, or diluted further, depend- 


































ing on the amount of dilution desired. Thus, 1 ¢.c. was considered as | 
representing 5/100, or 1/20, of the total number of organisms per piece : 
of fruit. By weighing the fruit the count per gram, as well as the i 
count per piece of fruit, may be obtained by this method. Wide mouth 


dilution bottles taking a No. 10 rubber stopper were used in this 
experiment. 


The procedure with powdered foods was to weigh 10 grams of the 
sample directly into the wide mouth bottle. 

Prescott (1920) recommended incubating dried food suspensions at 
37° C. for two hours to free most of the microorganisms adhering to 
the food. Fellers (1930) allowed the sample to stand for only one hour. 
To test the effect of this incubation period on the count of some dried 
foods the following experiment was carried out. Ten grams of a sample 
were weighed into a dilution bottle containing 90 ¢.c. of water. Samples 
were taken from the dilution bottle and plated on plain agar and on 
tomato agar. For each product tested the samples taken at the inter- 
vals noted were from the same bottle after: 

1. Shaking 50 times, 
Incubation for one hour at 37° C., 
Shaking 25 times following incubation, 
Shaking another 25 times, 
5. Standing another hour at room temperature and then shaking 25 times. 

The differences in the numbers of organisms found before and after 
the incubation periods mentioned above were not sufficient to warrant 
added expenditure of time (Table 1). The results also indicated no 
appreciable increase in numbers of bacteria in the dilution bottle after 
two hours. 

The procedure finally used in these tests was to shake all samples 
100 times without incubation in order to insure ample separation of 
the microorganisms present. 
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EFFECT OF LABORATORY DRYING ON THE FLORA OF 
FRESH FRUITS AND VEGETABLES 





To determine the effect of the drying process on the flora of fruits 
and vegetables the following experiments were carried out. 
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Prunes. Six samples of five fresh prunes each were taken to deter- 
mine the bacteria originally present on the fruit. The prunes were 
dried for 24 hours at 54.4° C. (130° F.), and then the temperature was 
gradually increased until 73.9° C. (165° F.) was attained. The rela- 
tive humidity inside the cabinet was held at 16 per cent during the 
process to prevent case-hardening. The prunes thus dried were put 
into sterile glass jars for the sweating process. After a few days they 
were dipped into boiling water for two minutes to simulate the hot 
water spray applied to commercially dried prunes. 

Grapes. Twenty-four samples of fresh grapes were tested bac- 
teriologically to determine the flora occurring on the fruit as purchased 
in the market. After being dipped for from 10 to 15 seconds in the 
hot lye solution to check the skins, the grapes were immediately put 
into cold water and thoroughly rinsed. Part of the fruit was then 
sprayed with a suspension of Esch. coli, part with a suspension of 
yeasts, Sacch. ellipsoideus isolated from grapes, and the remainder 
was left untreated. The grapes were then put on trays in the drier and 
dried at a temperature of 54.4° C. (130° F.) for the first 16 hours, and 
at 73.9 to 76.7° C. (165 to 170° F.) for the next eight hours. 


Carrots and Spinach. The carrots were peeled and sliced trans- 
versely into discs about 4¢ inch in thickness. They were then put on 
sereen trays and steamed for five minutes, after which they were 
sprayed with a suspension of Esch. coli and put into the tunnel drier 
where they were left for 13 hours. The temperature was held at 
48.9° C. (120° F.) for the first seven hours, and then was raised 
gradually to 76.7° C. (170° F.). The spinach was washed, trimmed, 
put on the trays, steam blanched, inoculated, and finally dried under 
the same conditions as were the carrots. Tests with the first lot of 
spinach and carrots showed that Esch. coli still survived after drying, 
so in the second experiment the inoculation was made before the 
blanching to note the effect of this part of the process on the survival 
of Esch. coli. 


The dehydrating process apparently destroyed all yeasts on both 
the prunes and the grapes, and reduced the bacteria and molds to 
insignificant numbers. The results obtained with the carrots and 
spinach were very different. In these cases it was found that the dry- 
ing process alone was not effective in destroying Esch. coli. However, 
when the vegetables were inoculated with this organism before being 
blanched, none of the Esch. coli survived (Table 2). 

The number of bacteria per gram on the carrots and on the spinach 
after the drying was much higher than the original count on the un- 
processed vegetables (Table 2). This increase was probably due to 
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the growth of organisms during the early part of the process when 
the temperature was comparatively low. Also, the decreased weight 
of the vegetable from loss of moisture would automatically increase the 
ratio of bacterial numbers to the vegetable weight, provided that the 
bacteria were not killed or inactivated by the drying process. The 
drying chambers were not air-tight and it is possible that there may 
have been addition of bacteria from the air. 


FLORA OF COMMERCIALLY DRIED MARKET PRODUCTS 
Dried Fruits 

The fruits examined were prunes, raisins, and apricots. These were 
chosen as being representative of the types of dried fruits most com- 
monly sold on the market. 

Both whole and cut samples of the dried fruits were examined. Two 
10-gram samples were taken from each lot. These were put into wide 
mouth dilution bottles containing 90 ¢.c. of water each, shaken 100 
times, and further dilutions were made from this suspension. Two 
plates were made from each dilution. Media used were tomato agar, 
plain agar, and dextrose agar. The whole samples were tested as 
explained previously in this paper. 

Prunes. Two samples of bulk and one of packaged prunes were 
examined. All were bought at retail stores in Amherst. One bulk 
sample was taken from a tin and the other from a closed glass jar 
on the grocer’s counter. 

Microbial counts on the samples of prunes showed the number of 
microorganisms found was very low, 80 bacteria per gram being the 
highest count obtained (Table 3). Molds were present on all of the 
samples, but yeasts were found on only one sample. 

Apricots. One sample of bulk and two of packaged apricots were 
studied in this test. 

The method of sampling was essentially the same as that used in 
the tests with prunes except that five apricot halves were taken as the 
whole, or uncut, sample. The maximum number of bacteria found 
was 850 per gram (Table 3). Yeasts were not encountered on any of 
the samples, and molds were demonstrable on only one sample. It 
must be remembered that commercially dried apricots are treated with 
sulfur dioxide which has a distinctly inhibitory action on micro- 
organisms. 

Raisins. Two samples of seedless and one of seeded raisins were 
tested. Because of the smallness of the fruit 10 raisins each were taken 
for the whole or uncut samples instead of the five pieces that were 
used in the tests with prunes and apricots. Otherwise the procedure 
was the same. 
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More molds were found on raisins than on either prunes or apricots 
(Table 3). 

The seeded raisins were lower in mold content than were the 
unseeded, probably because the seeded raisins are steamed to soften 
them and facilitate extraction of the seeds and this heat treatment 
may destroy some of the moids. 


Dried Vegetables 
Dried vegetables are not available to any large extent in the retail 
markets of this country and the samples tested in this experiment 
were all obtained directly from the manufacturers. Dried vegetables 
are not prepared in whole form, so only the count per gram was made 
on these samples. 


The procedure was to weigh out two 10-gram portions of each 
sample into two wide mouth dilution bottles containing 90 c.c. of 
distilled water. The samples were shaken 100 times by hand and 
further dilutions were made. Duplicate plates were made from each 
dilution using tomato agar, plain nutrient agar, and dextrose agar. 
The plates were incubated at 30° C. (86° F.) for 48 hours. 


Bacterial counts on the vegetables were much higher than the 
counts on the fruits (Table 4), the number of bacteria being over 
500,000 per gram, except on the dill and the garlic. The latter prod- 
ucts contain essential oils which may have exerted an inhibitory action 
on the bacterial growth; in fact garlic has been mentioned by Minchin 
(1917) as acting antiseptically. Molds were found much less fre- 
quently on vegetables than on fruits. Yeasts were observed on only 
the dill sample. 

MISCELLANEOUS PRODUCTS 


The numbers of yeasts, molds, and bacteria found on various fruit 
and vegetable products were not studied in as much detail as those 
previously reported (Table 5). The microbial counts do not represent 
an average of as many samples as do the more detailed counts, but give 
a very good indication of the total numbers of microorganisms on the 
foods. No outstanding differences were noted between these counts and 
those reported previously in this paper, although the dried pumpkin 
had a much lower microbial count than did the other samples of dried 
vegetables. 

GENERAL TYPES OF MICROORGANISMS PRESENT ON DRIED FOODS 

Of 28 cultures of organisms obtained from dried vegetables 
were Gram-positive and five were Gram-negative. Four of the 
types were cocci and the remainder were rods, with the exception 
one filamentous type obtained from the tomato sample. 
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The organisms from the dried fruit sample consisted of 20 Gram- 
positive rods, two Gram-negative rods, and two cocci. 


Representative vegetables were also tested for the presence of 
proteolytic organisms. Suspensions of 16 different dried vegetables 
were inoculated into tubes of melted gelatin and incubated at 30° C. 
(86° F.) for a period of a week. Observations for liquefaction were 
made every 24 hours. Liquefaction of the gelatin had occurred in all 
the samples at the end of five days, with the exception of one sample 
of garlic. In this sample there was no evidence of liquefaction even 
after two weeks’ incubation. 

Inoculations of suspensions of dried vegetables into lactose broth 
tubes showed lactose-fermenting organisms to be present in the flora 
from six types of dried vegetables. Transfers from the fermentation 
tubes to Endo’s medium indicated that none of the organisms were 
of the Esch. coli type. 

GENERAL DISCUSSION 


The results of this investigation tend to substantiate the findings 
of Prescott et al (1920, 1922) that dehydration is an effective and safe 
process for the preservation of vegetables and fruits. By dehydration 
is meant drying of foods by artificial means as contrasted to sun- 
drying. The latter method subjects the foods to considerable con- 
tamination, and the temperature attained during the sun-drying 
process never becomes as high as that commonly employed in a 
commercial dehydrator. However, lye dipping, treatment with sulfur 
dioxide, or treatment with boiling water or steam after drying, all 
help to reduce the number of microorganisms on the sun-dried fruits. 

Dates, black figs, and seedless and cluster raisins are usually sun- 
dried without receiving any of these treatments. It is important to 
note that these fruits are also eaten uncooked, whereas dried seeded 
raisins, prunes, apricots, peaches, apples, and dried vegetables are 
nearly always cooked before they are eaten. Pasteurization of dates 
is an accomplished fact in two of the largest date-repacking concerns 
in this country. It might be advisable to study the application of 
pasteurization to other dried foods, such as seedless and cluster 
raisins, 

Esch. coli survived on carrots and spinach when they were dried; 
the organism was still viable on those vegetables after seven weeks’ 
storage. However, when Esch. coli was sprayed on the vegetables 
before they were blanched no viable organisms were found after their 
drying. These results would indicate that blanching of vegetables for 
from one to four minutes probably effectively eliminates the intestinal 
pathogenic types of organisms. The cooking process which is nearly 
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always applied to dried vegetables would be an additional safeguard 
against infection. Possible exceptions would be celery, onion, garlic, 
and various herbs and spices used for flavoring which might be used 
uncooked for seasoning. 


SUGGESTIONS FOR EXAMINATION 

In regard to a standard method for the examination of dried foods 
the question arises as to just what value such an examination would 
have. Counts on plain agar for bacteria, and on tomato agar or some 
other medium for fungi, would give an idea of the total flora present 
on the product examined. Inoculation from the original suspension 
into lactose broth fermentation tubes would indicate the presence of 


TABLE 5 


Microorganisms on Miscellaneous Dried Foods 








Number per gram 





Tomato agar Plain agar 
Bacteria Yeasts Molds | Bacteria Yeasts Molds 


Adriatic figs 0 2,600 0 
Calimyrna figs 10 20 0 
PE TU iissnsicincbtnirescinsishoouneses 0 0 0 
Dates, unpitted bulk.................. 440 2,640 
Dates, packaged pasteurized : 605 
Prunes 10 120 
Prunes from bulk box 14 
Apples 58 
Apricots 114 
Peaches 196 
7,000 

400 

540 

350 
1,120 








70 
0 








0 
0 
0 
0 


0 
0 
70 
70 


ooooocooooocooocococo 











lactose-fermenting organisms which could be confirmed on Endo’s 
medium and by other tests as to their status as coliform organisms. 
As to the best methods of examination the following suggestion is 
offered. Total microbial counts should be made on plain nutrient 
agar, and on tomato agar or some other medium, such as wort agar, 
suitable for the growth of fungi. Inoculation from the original sus- 
pension of a dried food should be made into lactose broth for deter- 
mination of lactose-fermenting coliform organisms which should be 
confirmed as recommended in Standard Methods for Water Analysis. 
The difference between microbial counts on plain agar and on 
dextrose agar was not sufficient to warrant the use of both media. 
Growth of the colonies was more rapid on the dextrose agar; in fact, 
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in some colonies the growth was so rapid that smaller colonies were 
covered up in 24 hours. For this reason the plain nutrient agar 
would probably be the better medium for organisms other than fungi. 

In testing whole fruits, such as prunes, dates, figs, and raisins, and 
fruits which are halved, such as apricots and peaches, microbial counts 
could be reported as so many organisms per piece. The microbial count 
on the whole prune sample was higher than that on the cut prune 
sample, figured on a weight-for-weight basis; this was the case with 
the raisins also, showing that the whole fruit count in general is as 
accurate as the cut sample count with these fruits. The results with 
the apricots were not in agreement but may be explained on the basis 
of the lowered pH caused when the more concentrated inoculum from 
the suspension of the whole or uncut fruit is mixed with the medium. 
This difference was found to be a pH value of about 0.6 which might 
be significant in inhibiting the growth of some bacteria. Further 
study should be made of this pH change when sampling acid products. 


The limited data available do not justify any definite conclusion as 
to the proper unit to use for whole and cut fruits. The count per piece 
is probably the fairest method of reporting a microbiological examina- 
tion of a product, although the variation in size between different 
grades of a given dried fruit would make some difference. Inasmuch 
as practically all the contamination on whole and on cut fruits is on 


the surface, with the possible exception of seeded raisins and pitted 
dates, the whole piece count would eliminate the inaccuracy resulting 
from considering the uncontaminated flesh in making counts. 


Since the uncontaminated pulp is so large a portion of most dried 
fruit any unit chosen for reporting counts would have to be arbitrary, 
and the simplest and most effective method of obtaining good compara- 
tive counts should be the one selected. The results from such counts, 
even though they do not represent the actual numbers of microorgan- 
isms present, can still be satisfactorily indicative of the care with 
which the fruit has been handled. 


Trituration of the cut sample with sterile sand to obtain the count 
per gram was considered, but most dried fruits are soft enough so that 
they break up sufficiently in the shaking process and the use of sand 
would only add unnecessary labor. 


The mere presence of bacteria, yeasts, and molds on dried foods 
does not in itself constitute a spoilage hazard. Modern packaging is 
such that moisture may be kept from gaining access to dried foods, 
thus eliminating the danger of spoilage. So the principal value of the 
microbiological examination of dehydrated foods would be to deter- 
mine the comparative cleanliness of the processes used from the time 





58 J. A. CLAGUE 


the raw product enters the factory until the finished product reaches 
the consumer. In this respect testing for Esch. coli is of value as its 
presence should be fair evidence of insanitary handling. The types of 
organisms found in the dried foods examined in this study would 
indicate that ordinary saprophytic types are the most prevalent, and 
that evidences of fecal contamination are ordinarily lacking in the 
dried-food samples. 

These experiments are presented merely to suggest a possible pro- 
cedure with the hope that much more information may be supplied 
by a number of laboratories, and that ultimately some fairly uniform 
methods may be developed. 


SUMMARY 


The number of microorganisms on dried foods varies from a few 
thousand per gram as a maximum on dried fruits up to several millions 
per gram on dried vegetables. 

Tests conducted with a small tunnel drier showed that artificial 
drying, or dehydration, effectively eliminated yeasts and materially 
reduced the numbers of bacteria and molds on dried fruits. Esch. coli 
inoculated onto the surface of grapes was destroyed by the drying 
process. . 

Reduction of the numbers of microorganisms on vegetables during 
the drying process was not so marked as on the fruits. In fact, de- 
hydration did not completely kill Esch. coli, although the blanching 
process which ordinarily precedes dehydration was very effective in 
eliminating this organism. 

Types of microorganisms found on dried foods were for the most 
part Gram-positive sporulating bacteria, and molds, although Gram- 
negative bacteria, and yeasts were occasionally observed. Lactose 
fermenters, not of the Esch. coli type, were found in dried vegetables. 

Media suggested for a study of dried foods are plain nutrient agar, 
as recommended in Standard Methods of Water Analysis, and tomato 
agar for yeasts and molds. 

The methods used in the commercial dehydration of foods should 
produce a safe product, especially when it is considered that most 
of these foods are cooked before being consumed. 
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INTRODUCTION 

Food preservation by freezing is rapidly growing in importance in 
the national food economy. This fact holds true especially for some 
vegetables and for peas in particular, probably owing to the high de- 
gree of fresh quality retained by frozen pack peas when they are suit- 
ably harvested, prepared and preserved, and to the popularity of this 
vegetable. 

Observations on the freezing preservation of peas are presented 
here for two reasons: (a) for whatever scientific value they possess in- 
trinsically, and (b) in order to stimulate investigators in food research 
to give more consideration to the biochemical and bacteriological 
problems of this relatively new industry, which has urgent need for 
more technical research in order to build thereon a safe, workable and 


economical technology. 

Observations presented here are not intended to be final statements. 
The youth of the industry and of these investigations does not permit 
finality in work or conclusions. 


PHYSIOLOGICAL STUDIES 

The pre-scalding by live steam or boiling water of peas intended 
for freezing preservation has essentially two objectives: (a) inactiva- 
tion, at least partly or temporarily, of enzymatic factors which event- 
ually bring about undesirable changes in odor and flavor in raw peas 
stored at freezing temperatures, and (b) the so-called fixing in the 
tissues of the attractive green color characteristic of frozen pack peas. 

Note should be taken that this highly essential scalding practice in 
preparing material for frozen pack is different in period of applica- 
tion and objectives from the scalding, or blanching as it is commonly 
called, employed in the canning industry. 

Mere reference is possible here to discussions by Kohman (1929), 
Morris and Barker (1932), Joslyn and Marsh (1933), and Diehl and 
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Berry (1933) of these alterations in physical behavior of the garden 
type of peas used for frozen pack. 

Recent observations by Campbell, not yet completed, indicate that 
the enzymatic factors probably responsible for flavor and odor changes 
in raw peas stored at any freezing temperatures, and apparently un- 
derlying color changes occurring in different degrees in scalded peas 
held at freezing temperatures at and above —9.40° C. (15° F.), are 
not completely or permanently inactivated under environmental condi- 
tions herein discussed. ; 

Catalase, inactivated for the moment by heat, may be active in the 
sealded and cooled peas one-half hour afterward, while very positive 
peroxidase activity, qualitatively determined, has been found in peas 
scalded according to current industrial practices after storage for sev- 
eral months in air at —20.6° C. (—5° F.), although the enzyme pres- 
ence at this temperature is not accompanied by any undesirable changes 
in quality. 

Balls (1935) has suggested that the protein associations of the 
enzyme may be temporarily altered by the heat, thereby preventing 
enzymatic activity for the moment; but that these proteins may be 
reconstituted after a time, so that this activity is resumed and may 
even be stimulated by environmental changes which the heat has caused 
in the tissues. 

Gramenitzki (1910) and Miyake and Ito (1923) have stated that 
the presence of salts or of proteins and other colloidal substances, act- 
ing as protective agents, may shield the enzyme against the lethal ef- 
fects of heat. In such cases some time generally elapses before the 
enzyme becomes active again, as was observed in scalded peas, but the 
mechanism of this renewal of potency is not now thoroughly under- 
stood. 

Joslyn and Marsh (1935) in their studies of enzyme activity in 
frozen peas have found that the inactivation temperature of the 
agencies responsible for flavor changes is higher than that of the cata- 
lase system of California peas. They state that the catalase activity 
can be correlated with acetaldehyde production. Apparently as sug- 
gested by Kohman (1934) anerobie respiration may be responsible in 
part for the changes in flavor occurring in frozen peas. However the 
nature of these changes is yet to be completely evaluated. 

For the present this recovery of enzyme factors in peas after scald- 
ing is not industrially important, since peas which soon after scalding 
give negative catalase tests and visual evidence of sufficient heat treat- 
ment and are properly stored, retain their desirable qualities even 
after a period of several years. On the other hand, samples of peas 
giving positive tests for catalase, while in the raw condition or when 
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insufficiently scalded, do not keep satisfactorily regardless of storage 
temperature. 

Hence while the suggestions of the authors in this matter reported 
in 1933 are still industrially useful and adequate, it has become plain 
in the light of subsequent observations that the scalding of peas in the 
frozen pack industry must be further safeguarded by a thorough un- 
derstanding of the enzymatic behavior involved. 

Sealded peas of the Alderman variety stored at —6.7 or —3.9° C. 
(20 or 25° F.), when held in hermetically sealed plain No. 2 cans 
either at much reduced atmospheric pressure or in non-air-tight 
containers, do not retain their original color, odor and flavor, and 
over a long period of time become spongy in texture. The gradual 
alteration in color of the entire pea is generally the first organolepti- 
eally noticeable change, passing from parrot green or Scheele’s green 
of the Ridway color standard (1912) or slightly darker in the original 
scalded material or in that stored at —20.6° C. (—5° F.), through 
Javel green to oil yellow in peas stored at —6.7 or —3.9° C. (20 
or 25° F.). The color trend obviously is from the green to the yellow 
hues indicating some changes in the chlorophyll fractions. 


While we have reproduced these color changes in the laboratory by 
treating peas with very dilute lactie and acetic acid solutions and di- 
lute aleohol, it would appear that they are caused, in the present case, 


by factors within the pea itself and are independent of microbial activ- 
ity which through acid production, for example, might be held re- 
sponsible for color change in peas. While bacterial growth certainly 
oceurs at —3.9° C. (25° F.), only molds appear liable to grow at 
—6.7° C. (20° F.), and then only in the presence of air—a fact which 
precludes them from consideration in the highly vacuumized con- 
tainers of peas employed in some of the experiments. Furthermore, 
green peas taken from —20.6° C. (—5° F.) storage and yellowed peas 
from 20° F. storage have given substantially the same pH reading. 
In sealded peas delayed at relatively high temperatures before 
freezing similar color changes have been observed after a time. It is 
known, however, that in such cases bacteria are present, finally in 
large numbers, and of these the Lactobacillus and Colon group may 
produce lactice and acetic acid and alcohol in amounts sufficient to 
bring about color changes in peas similar to those produced in vitro. 


The outer influence in such ease is to be noted in the more rapid 
bleaching of the epidermis, while the cotyledons change color more 
slowly. For instance, while the color of the cotyledons themselves may 
be Javel green or oil yellow, as is the case for scalded peas held at 
—6.7 or —3.9° C. (20 or 25° F.), the color of the whole pea may be 
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mignonette green, since the completely bleached skin masks the color 
beneath. 

Further, during unnecessarily prolonged cooking of frozen pack 
peas, it was observed that the characteristic green color is gradually 
lost, beginning in the Alderman variety after boiling for about five 
minutes. It is progressively replaced by the yellow-green hues already 
mentioned. In this case it does not seem possible that either microbial 
or enzymatic activity are involved. 

We may have, then, three factors influencing the color of frozen 
pack peas during their life, the enzymatic one being relatively the 
most unexplored. The control of these factors for the moment presents 
no industrial problem but a further study of their character and be- 
havior is highly essential and might lead to definite improvements in 
technic. 

Joslyn and Marsh (1933) and Diehl and Berry (1933) have re- 
ferred to the odor from insufficiently scalded or raw peas stored at 
freezing temperatures as that of old hay, decaying grass, or the smell 
of chicken gizzard contents. No qualitative or quanitative demonstra- 
tion of the nature of the odoriferous constituents has so far been 
possible. 

This odor is generally not observed in scalded peas delayed for 
several hours before freezing in which a fresh, grassy smell is first 
detected. This is followed in an hour or two, if the peas are kept 
moist in fairly large masses, by an odor for which the admittedly un- 
satisfactory term ‘‘nitrogenous smell’’ is the best so far suggested. 

This smell seems to be associated with some substance freed from 
the pods and vines during the vining and handling of peas, which the 
moisture surrounding the peas after scalding and cooling may dis- 
tribute by dilution. In such cases sufficient time has not elapsed for 
appreciable microbial development. Subsequently when lactie acid 
fermentation invariably sets in, a sour smell characteristic of sauer- 
kraut pervades the material, but the trace of old hay odor is either 
never present or is most effectively masked by the fermentation odor, 
in which may be occasionally detected, however, traces of the ‘‘nitro- 
genous’’ odor. 

These off-odors are never present in properly scalded peas stored 
promptly at —20.6 or —9.4° C. (—5 or 15° F.). Only the agreeable 
smell of fresh peas is noted when the material is thawed. 

The old hay odor formation may parallel undesirable color changes 
but does not seem to be directly related to factors producing them. 

Undesirable flavor changes in raw or insufficiently scalded peas 
follow closely upon the detection of the hay odor already mentioned 
which may be noticeable in raw peas stored at —5° F., when they are 
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prepared for consumption, as early as six weeks after storage. The in- 
tensity of the odor as well as of the off-flavor generally increases as 
the storage period is prolonged. 


HISTOLOGICAL AND MORPHOLOGICAL STUDIES 

No significant histological differences in the tissues of scalded peas 
after freezing within a wide range of temperatures extending from 
—69 to 6.7° C. (—92 to 20° F.) have been observed by the authors. 

In these observations sections obtained by appropriate microscopic 
technic were mounted in water and generally stained with 1 per cent 
aqueous eosin solution and studied in camera-lucida drawings obtained 
at 400-diameter magnification. 

When unfrozen and frozen pea tissues were properly compared 
microscopically, it was observed that while the individual cells of the 
cotyledons were intact in both cases, they separated much more readily 
in the frozen and thawed tissues. This suggests an alteration in the 
character of the middle lamella of the cell walls and may partly ex- 
plain the fact that frozen peas require less cooking than raw peas. 


No change was observed in the starch grains and only a slight 
alteration occurred in the protoplasmic structure, as was pointed out 
also by Woodroof (1931) in his microscopical examination of unfrozen 


and frozen lima bean tissue. 

A morphological alteration has been noted in sealded peas frozen 
at —6.7° C. (20° F.) analogous to that observed by Diehl and Berry 
(1934) in ripe eured olives preserved by freezing, but it is somewhat 
different in character and frequency. This condition is reflected in a 
spongy texture of peas so frozen for some time, the determining factor 
for the frequency of its occurrence possibly being the original ma- 
turity of the peas. 

This change, presumably caused by long-continued ice formation 
at certain structurally weak points in the tissues, makes itself evident 
by the appearance of irregular cavities after thawing. These may be 
brought about e+ some points by the pressure of the ice masses them- 
selves and at others by tissue strain readjustments when thawing takes 
place. 

CHEMICAL STUDIES 

The material used for the chemical studies was harvested and 
handled throughout under controlled conditions. It is not possible to 
discuss these procedures here in detail. Briefly, the peas were of the 
Alderman variety, one commonly used for frozen pack, produced as a 
second crop during the 1934 season, of excellent field quality, picked 
by hand, viner-podded and sized by hand-operated sieves, just before 
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division into experimental lots for scalding treatment. The analyses 
here reported were made only on No. 6 sieve peas (13/32 inch) and 
were completed in duplicate for dry matter, total sugar, starch, acid 
hydrolyzable polysaccharides (including starch but excluding total 
sugar) and ether extract upon raw peas as controls and upon scalded 
peas before’ and after freezing storage. The technic used was that 
given in Official and Tentative Methods of Analyses of the Association 
of Official Agricultural Chemists (1930) with some modifications, such 
as the Shaffer-Hartman method for determination of reducing sugars. 

After thorough mixing the raw material was divided into appro- 
priate lots which were scalded in live steam for 85 seconds or in active- 
ly boiling water for 60 seconds. After rapid cooling in water to about 
12.8° C. (55° F.), further division of material was made so that some 
samples were stored in 2 per cent sodium chloride brine and some 
without liquid in plain No. 2 hermetically sealed cans. Thirteen ounces 
of scalded peas and five fluid ounces of liquid per can were used. These 
lots were further separated and stored in air at —20.6 and 6.7° C. 
(—5 and 20° F.). Several samplings for analyses were made during 
the period of one year, but only the results for the 19-day and 330-day 
samples are presented here. 

Analyses for nitrogenous fractions have not been completed and 
are therefore omitted from this report. 

The chemical determinations may be summarized as follows: 

a. No marked alterations of the dry matter, carbohydrates and 
ether extract resulted from the scalding of peas by live steam or boil- 
ing water for the time periods indicated, which approximate those 
customarily used for frozen pack peas. 

While Magoon and Culpepper (1924) obtained considerable reduc- 
tions in dry weight and total sugar content in canning peas scalded 
for from two to four minutes, emphasis must again be placed upon the 
fact that scalding for frozen pack material should not be prolonged as 
in the ease of canning peas, and so the losses of soluble materials to 
the scalding water may be prevented or minimized. 

Joslyn and Marsh (1933) have suggested the scalding of peas for 
somewhat longer periods at lower temperatures than that of boiling 
water, claiming better quality in material so scalded. It is also true 
industrially that temperatures as low as 190° F. have been used for 
scalding very tender young peas without, however, markedly increas- 
ing the exposure time. The authors are not now in a position to pre- 
sent the chemical changes in material so treated, although they are at 
present conducting such studies. 

b. Freezing storage of scalded peas held without liquid at —20.6 
and —6.7° C. (—5 and 20° F.) for a period of almost a year had 
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practically no effect upon any of the constituents for which analysis 
was made, namely dry matter, starch, acid hydrolyzable polysacchar- 
ides, total sugar and ether extract. 

In view of the definite changes, organoleptically determined, in ma- 
terial held at —6.7° C. (20° F.) the suggestion comes to mind that 
constituents for which analyses are here given are not involved in these 
changes and to determine them one must employ greater specificity 
and sensitiveness of analytical method, such as might be obtained with 
spectroscopic analysis. 

ce. Freezing storage of scalded peas held in 2 per cent brine at 
—20.6 and —6.7° C. (—5 and 20° F.) resulted in considerable losses 
in dry matter and total sugar, amounting to approximately 15 per 
cent of the former and about 40 per cent of the latter caleulated upon 
a fresh weight basis. 


These losses in dry matter are no doubt largely due to the passage 
of soluble materials from the vegetable to the brine. Peas frozen with- 
out brine are noticeably sweeter after thawing than those frozen in 
brine. 

Obviously such losses of soluble materials are significant items in 
the food value of peas preserved by freezing, unless the latter are pre- 
pared for consumption, as is proper, in the brine in which they are 


packed. 

For the moment the industrial tendency is to prepare frozen pack 
peas without liquid, and they apparently suffer no change, especially 
when properly stored, in so far as the constituents here discussed are 
concerned. 

It should be said that —6.7° C. (20° F.) storage temperature was 
used in the experiments here reported only to hasten and to emphasize 
certain undesirable changes in quality. The best industrial practice 
for frozen pack peas at present prescribes freezing and prolonged 
storage at temperatures in the neighborhood of —17.8° C. (0° F.). 


BACTERIOLOGICAL STUDIES 
When shelled under commercial conditions peas harbor an extensive 
microbial flora. Analyses show that counts on nutrient agar may reach 
1,000,000 or more per gram of material. This heavy inoculation, 
coupled with the suitability of peas as a bacteriological culture 
medium, makes understandable the notoriously poor keeping quality of 
shelled peas. 
Quantitative tests have shown that under laboratory conditions 
a scald considered suitable for frozen pack peas—namely, immersion 
in water at 93.3° C. (200° F.) or above for one minute—effects a re- 
duction in numbers of viable microorganisms of some 99 per cent. It 
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might be considered that this great reduction in microbial numbers 
would confer on scalded peas a keeping quality superior to that of raw 
peas. Actual tests show, however, that this result does not follow. 
Microorganisms remaining on scalded peas seem to be greatly favored 
by the increased water present or by the breaking down of normal 
barriers to microbial invasion. 

Details of a typical test to determine the rates of microbial increase 
in raw and scalded peas delayed at ordinary and cool temperatures are 
here briefly given. Raw peas with a microbial count on nutrient agar 
of 1,200,000 per gram yielded after scalding a count of 35,000 per 
gram. The raw and scalded peas were distributed in plain No. 2 cans, 
and held, part at 21.1° C. (70° F.), and part at 0° C. (32° F.). No 
significant rise in microbial numbers in the raw peas at 70° F. 
occurred in five hours; in ten hours, however, the count had inereased 
almost sevenfold to 8,000,000 per gram and in twenty-four hours 
definite spoilage had occurred. The scalded peas held at 21.1° C. (70° 
F.) yielded in seven hours the greatly increased—over fortyfold— 
count of 1,450,000 per gram, and in ten hours the count fully equalled 
that on the raw peas. Loss of green color and development of sour 
odor appeared to be more pronounced in twenty-four hours in sealded 
than in raw peas. 

The samples of raw and scalded peas held at 32° F. showed no 
significant microbial or other change up to forty-eight hours. 

Since experience proves that some bacteria, ‘‘false’’ yeasts and 
molds will grow at —3.9° C. (25° F.) and at least a few molds at 
—6.7° C. (20° F.), frozen pack peas must for bacteriological reasons be 
stored below the latter temperature. A storage temperature in the 
neighborhood of 17.8° C. (0° F.), which has proved adequate for 
retention of desirable qaulities in peas, not only precludes microbial 
growth but will in the course of a few months effect a marked reduction 
in the number of viable microforms present in the pack. 

The foregoing may serve (a) to emphasize the susceptibility of 
shelled peas to microbial invasion, (b) to point out that scalded peas 
spoil fully as readily as raw peas, (ce) to indicate the usefulness of 
cool temperature in preventing microbial inroads prior to final freez- 
ing storage, and (d) to stress the protection afforded by a storage 
temperature, such as —17.8° C. (0° F.), that is bacteriologically 
‘*safe’’ over indefinite periods. 


SUMMARY 


1. While the routine short scald by live steam or boiling water 93.3 
to 98.9° C. (200 to 210° F.) for about one minute insures stability in 
quality of peas frozen at about 0° F., it does not appear to destroy 
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completely such enzymes as catalase and peroxidase. Scalded peas, 
stored at —9.4 to —6.7° C. (15 to 20° F.), slowly develop a yellow 
eolor, without showing microbial growth; if peas are delayed before 
freezing, microorganisms apparently destroy the green color by acid 
production. Overecooking may aiso cause a loss of color. Within six 
weeks raw or improperly scalded peas may develop undesirable odor 
and taste, even at —20.6° C. (—5° F.) storage. This odor resembles 
that of old hay, decaying grass or the contents of chicken gizzards. It 
is distinct from the sour smell of fermenting peas or the ‘‘nitrogen- 
ous’’ odor of material delayed in a moist condition for a few hours 
after scalding and cooling. 

The development of the first-named odor may parallel undesirable 
color changes but does not seem to be necessarily related to factors 
responsible for the latter. 

Undesirable flavor changes in frozen scalded peas are noticeable 
soon after the detection of the odor already mentioned. The intensity 
of both generally increases as the storage period is prolonged. 

These observations emphasize the necessity for a better understand- 
ing of the enzymatic behavior of peas as a basis for safe and improved 
preservation technic in the frozen pack industry. 

2. No significant histological alterations were observed in tissues of 
scalded peas frozen in air in a wide range of temperatures, extending 
from —69 to —§.7° C. (—92 to 20° F.). 

Morphological changes observed include (1) the formation of ecavi- 
ties in sealded peas frozen at —6.7° C. (20° F.), probably as a result 
of prolonged ice formation at certain points in the tissues, and (2) the 
relatively easy separation of individual cells in all frozen sealded peas, 
which may account for the fact that the latter require less cooking 
than raw peas. 

3. No marked alterations in the dry matter, carbohydrates and 
ether extract resulted from the scalding of peas by live steam or boil- 
ing water for the customary short periods already indicated. 

Freezing storage of scalded peas packed without liquid at —20.6 
and —6.7° C. (—5 and 20° F.) for a period of almost a year had 
practically no effect on the dry matter, starch, total sugar, acid 
hydrolyzable polysaccharides and other extract. 

Freezing storage of scalded peas packed in 2 per cent sodium chlo- 
ride brine at —20.6 and —6.7° C. (—5 and 20° F.) resulted in con- 
siderable losses in dry matter and total sugar, amounting to approxi- 
mately 15 per cent of the former and about 40 per cent of the latter, 
calculated on a fresh weight basis. 

4. Bacteriological studies show that shelled raw peas may harbor 
1,000,000 microorganisms per gram, and that after about six hours 
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at 21.1° C. (70° F.) the number increases rapidly. While scalding at 
93.3 to 98.9° C. (200 to 210° F.) for one minute kills some 99 per 
cent of the microbial flora, scalded peas permit very rapid growth of 
survivors and spoil fully as readily as raw peas. Microbial growth in 
both raw and scalded peas is largely prevented for forty-eight hours 
by a temperature of 0° C. (32° F.). The lower limit for microbial 
growth appears to be between —9.4 to —6.7° C. (15 to 20° F.), the 
usual storage temperature for frozen pack peas of about 17.8° C. 
(0° F.) reduces the microbial population greatly in a few months. 


REFERENCES 

Association of Official Agricultural Chemists, 1930. Official and Tentative methods 
of analysis. 3d ed., Washington. 

Bauus, A. K., 1935. Personal communication. 

DreEuL, H. C., AND Berry, J. A., 1933. Relation of scalding practice and storage 
temperature to quality retention in frozen pack peas. Amer. Soc. Hort. 
Sei. Proce. 30, 496-500. 

DIEHL, H. C., AND Berry, J. A., 1934. Ripe olive preservation by freezing method. 
Western Canner and Packer 26 (2), 16-17 (3), 7-9. 

Drent, H. C., Dineie, J. H., AND Berry, J. A., 1933. Enzymes may cause off- 
flavors even when foods are frozen. Food Indus. 5, 300-301. 

GRAMENITZKI, M. J., 1910. Der Einfluss verschiedener Temperaturen auf die 
Fermente und die Regeneration fermentativer Eigenschaften. Z. Physiol. 
Chem. 69, 286-300. 

JOSLYN, M. A., AND MArsH, G. L., 1935. Personal communication. 

JOSLYN, M. A., AND Mars, G. L., 1933. The role of peroxidase in the deteriora- 
tion of frozen fruits and vegetables. Science 78, 174-175. 

Kouman, E. F., 1929. National Canners Association convention report. The 
Canner 68, 187. 

KouMaNn, E. F., anp SANBORN, N. H., 1934. Effect of respiration on vegetable 
flavors. Indus. Eng. Chem. 26, 773-776. 

Macoon, C. A., AND CULPEPPER, C. W., 1924. Scalding, precooking and chilling as 
preliminary canning operations. U.S. D. A. Bulletin 1265. 

MIYAKE, K., AND Ito, M., 1923. The lethal temperature of Kojidiastase in aque- 
ous solution and the recovery of its action after heating. J. Biochem. 
(Japan) 2, 255-270. 

Morris, T. N., AND BARKER, J., 1932. The preservation of fruits and vegetables 
in the frozen pack state. Gt. Britain Dept. Sci. Indus. Res. Report of 
Director of Food Invest. 1931, 129-133. 

Rmeway, R., 1912. Color standards and color nomenclature. Washington. 

Wooproor, J. G., 1931. Preservation freezing. Some effects on quality of fruits 
and vegetables. Ga. Agr. Expt. Sta. Bull. 168. 








THE CAUSE OF ‘“‘BLACK BEETS’: AN EXAMPLE OF 
OLIGODYNAMIC ACTION AS A CONTRIBUTORY 
CAUSE OF SPOILAGE 


E. J. CAMERON, J. R. ESTY, anp C. C. WILLIAMS 
Research Laboratories, National Canners Association, Washington, D. C. 


(Received for publication, December 7, 1935) 


INTRODUCTION 


The occurrence of the type of bacterial spoilage referred to as 
‘‘black beets’’ has resulted in no great economic loss. It is, however, 
typical of certain spoilage problems the solutions of which are delayed 
by the very infrequency with which they come to notice and the con- 
sequent lack of material for study. In the present instance, the prob- 
lem is of further interest because so far as is known it is the only 
example of spoilage in canned foods which is dependent upon the 
oligodynamic action of a metal. 

Stevenson (1925) has referred to two causes of black discoloration 
in beets, one enzymic, and the other of unknown causation but sus- 
pected as resulting from bacterial action. The enzymic condition re- 
sults from failure to inactivate an oxidase, tyrosinase, in the steaming 
process with the result that sliced beets show a dark brown or black 
discoloration at the center which progressively decreases in intensity 
toward the outer edge of the slice. This condition is readily controllable 
by insuring that the beets are steamed to a degree that will accomplish 
inactivation of the oxidase in the center. Stevenson described the 
second type of discoloration as follows: 


Sometimes the contents may become almost black. In other cases 
the discoloration may range from purple to black. In this condition, 
the liquor of the canned beets becomes more alkaline. The normal 
pH of the liquor of canned beets is around 5.2, while in this type of 
discoloration it may change to 6.0 or above. The fact that there is 
this change in reaction, and that beets have generally had a rather 
low process points to bacterial action as to the cause of this discol- 
oration. 


Unquestionably, Stevenson had reference to the type of spoilage 
which is the subject of the present investigation and his surmise as to 
the cause of spoilage was correct. 


HISTORY OF CASE 


This case refers to sliced beets which were packed in No. 2 cans in 
the fall of 1933. The ‘‘black beet’’ spoilage was called to our attention 
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late that year and the study was carried over into 1934. First observa- 
tions established that (1) the cans containing the abnormal beets had 
little or no vacuum, (2) the discoloration varied in quality and in- 
tensity, ranging from deep purple to black, (3) iron in solution in the 
abnormal cans was at a concentration of 40 to 50 p.p.m. as compared 
with the normal of 3 to 5 p.p.m., (4) the pH of the discolored beets was 
distinetly higher than in the normal product, usually higher than 
pH 6.0 as compared with the normal of pH 5.3 to 5.4. 

Upon removing the labels and examining the exterior of the cans, it 
was observed that all showed a slight rust deposit up to a distinct mark 
or ‘‘water line’’ near the top of the can. It was thus concluded, and 
later established, that these cans had been exhausted (preliminary 
heating before sealing) in water. This suggested the possibility that 
certain cans might have been contaminated with impurities in the 
water, either present naturally or introduced through a softening 
process, or from a boiler compound. Enameled cans were used and the 
linings were intact. It was therefore suspected that the exhaust-box 
water was the source not only of the contaminants which resulted in 
the increase in pH but also the iron. 

By increasing the pH to higher than 6.0 with sodium carbonate and 
increasing the iron content to about 50 p.p.m. with iron sulfate and 
processing in the usual way, an attempt was made to reproduce the 
spoilage. It was possible in this way to obtain some discoloration but 
the result was not typical. 

Further examination disclosed the presence of living bacteria in 
some of the cans of discolored beets. Among the bacterial types, which 
were isolated, one was found to be capable of causing spoilage, but 
only in the presence of an abnormally high amount of iron. By intro- 
ducing metallic iron and inoculating the beet liquor without artificial 
increase of pH, it was possible at will to reproduce the condition with 
all of the effects noted in the original samples. 

The final diagnosis was that the spoilage was the result of the 
growth of a specific spore-forming bacillus in the beet medium contain- 
ing an abnormally high amount of iron in solution. Both the organism 
and the iron were necessary to produce the typical result. In 1934, 
a plant survey of the cannery in which the beets were packed indicated 
that the exhaust-box water was the source of the iron and that the con- 
tamination originated in the hot-water blancher in which the beets 
were blanched prior to slicing. 

The organism concerned in this spoilage, the description of which 
follows, appears not to have been previously described and the name 
Bacillus betanigrificans is proposed. 
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STUDY OF THE ORGANISM * 
Morphological and Cultural Characteristics 


Vegetative cells: mediums used, nutrient agar and dextrose agar; temperature 
40° C. (104° F.); age, 24 hours; form, rod; arrangement, majority single, 
some in pairs end to end; size, on nutrient agar, 0.3 x 2.0 to 3.54; on dextrose 
agar, 0.5 to 0.7 x 3.0 to 8.54. 

Relation to oxygen: aerobic, facultative anaerobic. 

Endo spores: present; location, polar; size 0.75 to 1.2x1.5 to 2.0; oval. 

Motility: positive. 

Flagella: peritrichic. 

Gram stain: positive. 

Nutrient broth: no detectable growth. 

Agar stroke: effuse, aborescent; abundant, flat, glistening, smooth, translucent, 
no odor, butyrous. Frequently gas production in butt. 

Agar plates: surface growth similar to agar stroke; sub-surface, white, com- 
pact, 1 mm. in diameter; edge, two types (a) smooth and (b) rough. 

Gelatin: no liquefaction in nutrient gelatin after incubation at 40° C. (104° F.) 
for four days. Frazier technique; gelatinolysis in four days. 

Blood serum: light growth at 40° C. (104° F.) no digestion in five days. 

Dextrose tryptone agar (brom-cresol-purple) plate: acid, not so much tendency 
to spread as on nutrient agar. Some ‘‘droplet’’ colonies with entire edge, 
some erose. Sub-surface colonies elliptical, compact; edge entire. 

Milk (brom-cresol-purple): acid, coagulation, no peptonization. 

Potato: good growth along line of stroke. White to brownish-white. In some 
instances, gas formation. In some instances, hydrolysis of starch resulting 
in ‘‘erater’’ formation. 

Starch agar plates: extensive hydrolysis, acid production. 

Temperature relations: on nutrient agar slants, slow growth at room temperature, 
optimum about 40° C. (104° F.) no growth at 55° C. (131° F.). 

Indol: negative. 

Nitrates: Reduction without gas formation as shown by production of nitrites on 
0.1 per cent nutrient broth medium in four days. 

Fermentation reaction: growth and acid production in xylose, arabinose, dextrose, 
galactose, mannose, levulose, sucrose, maltose, lactose, raffinose, starch, inulin, 
salicin, mannitol glycerol. Gas production in absence of iron in inulin and 
mannitol (+). Acid with gas produced in presence of iron usually in 72 
hours, in xylose, glucose, mannose (+), levulose, sucrose, maltose (+), starch, 
inulin, salicin, mannitol] and glycerol. 

Source: canned beets. 


Gas Production under the Influence of Dextrose and Iron 
A seemingly variable characteristic has been the production of gas 
on plates by some colonies and failure to produce gas by others of a 
single colony isolation. This observation suggested the existence of 
contamination and the possibility was tested by a series of five single 
colony isolations of both colony types. All isolations led to the same 
result. Gas colonies were found to be associated with non-gas pro- 
* The authors wish to acknowledge the assistance of Mr. C. A. Greenleaf and 


Mr. N. H. Sanborn of the National Canners Association Research Laboratories, 
who gave considerable time in connection with the chemical aspects of this problem. 
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ducers. Upon transfer to beet juice and to dextrose broth, however, 
all colonies reacted similarly. 

No gas occurred in plain beet juice, but there was delayed gas pro- 
duction in dextrose beet juice with or without iron. In about four days 
the gas production was quite vigorous. The presence of dextrose had 
the added effect of intensifying the trend of reaction toward the 
alkaline range when there was iron present in the beet juice. In 
several instances, final pH values of pH 7.0 or higher were obtained 
as against readings of pH 6.0 or lower in controls. 

In dextrose broth there was a somewhat different behavior. No 
gas was produced in the broth unless iron was present. Then gas was 
produced slowly, beginning in about 18 hours and gradually increasing 
to vigorous evolution in four days. This reaction in dextrose broth 
was paralleled by similar occurrences in other sugar broths which are 
listed in the fermentation reactions referred to above. 

In reproducing the ‘‘black beet’’ condition experimentally, it fre- 
quently occurs that after the characteristic blackening has been pro- 
duced, and there has been the usual pH trend toward the alkaline 
condition, there is a reversal in pH which is accompanied by evolution 
of gas and some return of the red color of the beet juice. 


Growth on Iron-Beet Agar 


The use of iron-beet agar provides an excellent diagnostic pro- 
cedure. The medium is made from canned beet juice with 1.5 per cent 
agar sterilized at 15 pounds pressure for 15 minutes. When plates are 
poured, flamed clean strips of iron are placed in the bottom of the 
Petri dishes, one to each plate. When the agar has hardened, surface 
smear inoculations are made and the plates are incubated at 40° C. 
(104° F.). 

Growth on control plates (no iron) is so seanty as to be scarcely 
perceptible. The red color of the beet juice is retained but gradually 
bleaches out on extended incubation. On the iron-beet agar, however, 
there is a gradual development of black which, after two to three days, 
becomes intense in the area proximate to the iron strip (plate 1) 
and less intense toward the edges of the plate. The plate growth is 
heavily centered over the iron strip but extends somewhat beyond, 
becoming less perceptible as the distance from the strip increases. The 
largest colonies are formed directly over or somewhat outside the 
edges of the strip, reproducing its shape in clear-cut outline. Usually 
this appears as a double outline. This greater intensity of growth over 
the edges of the strip is presumably due to the greater amount of iron 
going into solution into the agar from the cut edges. The colonies over 
the edges of the strip are of a large ‘‘droplet’’ type and, although 
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translucent, the surface carries a metallic sheen which in proper light 
is distinetly purple. 

An added characteristic which is constant is the development of a 
‘‘medicinal’’ odor, somewhat pungent and irritating to the nasal 
membrane. 

Following incubation, it has been found that the pH of the agar will 
vary. Directly over the iron strip, it is 6.0 or higher. Toward the edge 
of the plate, the pH is 5.2 to 5.4. 


Growth and Change in pH in Iron-Beet Juice 

In iron-beet juice, aside from the phenomenon of blackening, the 
course of change in pH is noteworthy. Part of the change from the 
normal is caused by the iron during sterilization. Inoculation, how- 
ever, usually carries the reaction distinctly farther toward the alkaline 
range. Beet juice, sterilized with iron, will increase in pH from 5.2 or 
5.3 to about 5.8. Ineubation at 40° C. (104° F.) without inoculation 
may result in a further increase to pH 6.5. Inoculation will result in 
a still higher pH, frequently higher than 7.0. At first it was thought 
that the growth of the organism might be stimulated through the 
change of pH brought about by the iron, rather than by the iron itself. 
By varying the reaction of the beet juice without iron, it was found 
that this was not the case. 

The fact that iron of itself will increase the pH of the medium 
suggests that inoculation may induce still further solution of the metal 
and that it is this increase in iron in solution which is directly respon- 
sible for the higher pH. This hypothesis is partially established in the 
demonstration that the growth rate is accelerated and the bacterial 
population is markedly increased by the presence of iron and this 
results in a great increase in iron in solution. 


Effect of Iron on Rate of Growth 

Results are typical in showing the effect of iron on growth of the 
organism (Table 1). Similar experiments using dextrose broth with 
and without iron as the medium failed to show a parallel stimulation. 
In fact, in dextrose nutrient broth, the presence of the metal resulted 
in inhibition of growth. 

The effect of the iron manifests itself in from 15 to 20 hours and 
there is an extreme increase in this period as against a slow gradual 
increase in the controls (Table 1). The peak of growth is reached 
in about 24 hours, followed by a decline which is so rapid that in 
about 40 hours, the counts have fallen below the controls. 

During the period of rapid growth, there is no great increase in 
pH but a marked increase occurs during the period of growth decline. 
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Influence of Inoculation on Solution of Iron 

On two occasions in order to test the effect of growth of the organism 
on the amount of iron going into solution, clean HCl-treated iron strips 
12 mm. x 50 mm. were weighed and placed in four ounce bottles. The 
bottles were filled each with 100 c.c. beet juice, exhausted 10 minutes 
by steaming, capped with Crown caps, and processed 15 minutes at 
115° C. (239° F.). Inoculation was done after processing. Inoculated 
and control bottles were incubated at 40° C. (104° F.) for a period 
of four days, after which pH values were determined and the iron 
strips were washed, dried and reweighed. 

The results illustrate the remarkable influence of growth on the 
solution of iron in the medium (Table 2). This cannot be due 
to acid production by the organisms because all evidence indicates 
that the solution of iron is concurrent with an increase in pH. It is 


TABLE 1 


Influence of Iron on Growth in Beet Juice 
































Iron present No iron present 
Strain Hours Count Hours Count 

incubated* per c.c. pH incubated per c.c. pH 

A 0 100,000 5.5 0 85,000 5.5 
15 120,000 5.5 15 100,000 5.5 

20 950,000 5.9 20 150,000 5.8 

24 14,000,000 5.7 24 280,000 5.7 

31 9,000,000 5.6 31 300,000 5.6 

39 less than 100,000 6.1 39 less than 250,000 5.8 

44 less than 100,000 6.3 44 less than 250,000 5.9 

48 less than 100,000 6.4 48 less than 250,000 5.6 

B 0 90,000 5.5 0 60,000 5.5 
15 140,000 5.5 15 90,000 5.5 

20 12,000,000 5.9 20 150,000 5.8 

24 25,000,000 5.7 24 200,000 5.7 

31 400,000 5.9 31 300,000 5.6 

39 less than 100,000 6.4 39 350,000 5.8 

44 less than 100,000 6.5 44 less than 250,000 5.9 

48 less than 100,000 6.6 48 less than 250,000 5.6 











* Incubation at 40° C. (104° F.). 





more probable that some beet constituent is one factor involved in the 
mechanism which leads to the solution of the iron. In the second 
experiment it is to be noted that all three inoculated bottles were 
black in 72 hours and two of them developed gas upon extended 
incubation. The pH of the non-gaseous bottle was 6.7 and the others 
5.3. From other experiments it is quite certain that before gas 
developed the pH was 6.0 or higher. From this it appears definite that 
the presence of iron in the otherwise undesirable beet medium not only 
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promotes the growth of the organism but, through the influence of its 
end products, alone or in conjunction with some constituent of the 
medium, the organism accelerates corrosion of the metal. 

In the first experiment the beet medium in the uninoculated bottles 
took up an average of 35 p.p.m. of iron as against approximately 475 
p.p.m. in the inoculated bottles. In the second experiment there was 
about 80 p.p.m. average in the uninoculated bottles and 380 p.p.m. 
average in the inoculated beet juice. 


TABLE 2 


Influence of Inoculation on Solution of Iron in Beet Juice 




















, Loss of wt. in Per Fe in : 
Experiment Treatment Fe strip after 4 | cent |solution| Final Appearance of 
number days incubation*| loss | p.p.m. | PH beet juice 
gms. 

No. 1 Inoculated .0546 4.7 546 6.5 Black—strip coat- 
coated with black 
sediment 

Inoculated .0401 3.4 401 5.6 Brown—some gas 
—some sediment 

Uninoculated .0028 0.3 28 5.5 Red — unchanged 
on incubation 

Uninoculated .0042 0.4 42 5.5 Red — unchanged 
on incubation 

No. 2 Inoculated .0377 3.8 377 5.3 Black in 72 hrs.— 
gas in 96 hrs. 

Inoculated .0373 3.8 373 6.7 Black in 72 hrs.— 
no gas in 96 hrs. 

Inoculated .0398 4.3 388 5.3 Black in 72 hrs.— 
gas in 96 hrs. 

Uninoculated -0088 0.9 88 5.9 Red — unchanged 
on incubation 

Uninoculated .0077 0.8 77 5.9 Red — unchanged 
on incubation 























* Fe strip 12 mm. x 50 mm. Original weight approximately 1 gm. 


The Effect of Iron Compounds on the Course of Reaction 


Experiments were made to determine whether the condition of the 
iron in solution was important in determining the course of the reac- 
tion. Ferrous ammonium sulphate and ferric ammonium sulphate were 
added to beet juice in such quantities as would provide 10, 25, 50, 
and 100 p.p.m. of iron in solution. In addition, ferrie oxide, ferric 
hydroxide, and basic ferric acetate were added individually to beet 
juice in small amounts. Iron strips were used in control tests. After 
inoculation and incubation no blackening occurred where ferrous 
ammonium sulphate, ferric ammonium sulphate, and ferric oxide were 
the test substances. Blackening oceurred in 96 hours in the cases of 
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ferric hydroxide and basic ferrie acetate, although there was not the 
usual increase in pH. Iron strip controls gave the characteristic black- 
ening in 72 hours together with the expected increase in pH. 


Other experiments in which the pH of the beet juice was increased 
with sodium hydroxide to pH 5.9 and pH 6.5 demonstrated that with 
an artificial reduction in acidity prior to the addition of the test sub- 
stances—ferrous ammonium sulphate, ferric ammonium sulphate, and 
ferric hydroxide-—it was possible to induce a delayed production of 
the black color, although again there was no noticeable change from 
the original pH. 





From this it appears that the ability of the metallic iron to produce 
an initial increase in pH during sterilization and its tendency to con- 
tinue this increase under the influence of the growth of the organism 
is an essential property in bringing about the change in the color of 
the medium. 

Heat Resistance of Spores 

Heat resistance tests were made using the method of Esty and 
Williams (1924). The first was at 110° C. (230° F.) using a concentra- 
tion of 150,000 spores per e.c. Phosphate pH 7.0 and beet juice pH 5.5 
were used as suspending mediums. The heated tubes were subcultured 
in brom-cresol-purple dextrose broth. In phosphate the highest sur- 
vival was 20 minutes with a destruction time of 25 minutes. In beet 
juice there was no survival in the shortest heating time of 5 minutes. 





The second test was at 100° C. (212° F.) using the same concentra- 
tion as before. Two suspending media, beet juice with and without 
iron strips, were used, both at pH 5.6. In beet juice without iron the 
survival time was 25 minutes and with iron, 35 minutes. 


These results are inconclusive and lacking in significance, due pre- 
sumably to loss of original resistance through laboratory manipula- 
tion. The process given the beets was 20 minutes at 116° C. (240° F.) 
which, from heat penetration calculations, should have the effect of 
destroying spores of a resistance of approximately 10 minutes at 
116° C. (240° F.). Under these circumstances, it is believed that the 
original resistance of the organisms must have been materially higher 
than was indicated by the laboratory tests. 


SUMMARY 





1. The causation of the type of spoilage known as ‘‘black beets’’ 
is described. This spoilage is due to understerilization; but in order 
for the surviving bacteria to produce their characteristic effect, it is 
necessary that an abnormally high amount of iron be present in the 
beet juice. 
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2. This is the only known example of spoilage in canned foods 
which is dependent upon the oligodynamic action of a metal. 

3. The causal organism appears not to have been previously de- 
scribed and the name Bacillus betanigrificans is proposed. 

4. The function of the iron appears to be as follows: 

(a) The initial pH of the beet juice is increased during sterili- 
zation. 

(b) The iron accelerates the growth of the organism and there 
is a concurrent increase in solution of iron resulting in a 
continuing increase in pH. 

(ec) During the period of decline in bacterial population, and 
as the pH is increased, the iron affects the beet pigment, 
causing the characteristic result. If the pH is subsequently 
reduced by delayed acid-gaseous fermentation, there is a 
partial return of the normal red color. 


REFERENCES 
Esty, J. R., anD WiuuiAMs, C. C., 1924. Heat resistance studies. J. Inf. Dis. 34, 
516-528, 
Stevenson, A. E., 1925. Discoloration in canned beets. The Canner, Convention 
Number, 106. 
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PLATE 1 


Characteristic growth of B. betanigrificans on iron-beet agar. Growth originat- 
ing directly over the iron strip and in one instance spreading toward the edge of 
the plate. Also illustrating double line of prominent growth over edges of strip. 
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(E. J. Cameron, J. R. Esty, and C, C. Williams: The Cause of ‘Black Beets”) 








E. J. CAMERON, J. R. ESTY, AND C, C. WILLIAMS 


PLATE 2 


Contrast between normal and black beets. The discoloration may vary in 
quality and intensity, ranging from deep purple to black. 
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PRESERVATION OF GRAPE JUICE. II. FACTORS CONTROL- 
LING THE RATE OF DETERIORATION OF BOTTLED 
CONCORD JUICE* 


DONALD K. TRESSLER anp CARL S. PEDERSON 


New York State Agricultural Experiment Station, 
Geneva, New York 


(Received for publication, Dec. 16, 1935) 


The heat treatment given bottled grape juice during pasteurization 
has been generally believed the cause of changes in flavor and color 
which occur in bottled juice. It has been noted that freshly pasteurized 
grape juice is a very pleasing beverage, but upon standing its color, 
clarity, aroma, and flavor usually change slowly, and after six months 
or more it is no longer particularly attractive. Pederson (1936) has 
noted that the lower temperatures used in pasteurization do not alone 
improve flavor, aroma and color, nor retard precipitation in the juice. 

Carpenter, Pederson, and Walsh (1932) noted that while bottled 
Seitz filtered juice normally remained sterile indefinitely, it later be- 
came hazy and some sediment was deposited. This indicates that there 
are important factors governing the deterioration of bottled grape 
juice other than the high temperature of pasteurization. 

Carpenter (1933) has shown that certain wave lengths of light tend 
to accelerate deterioration of apple and kraut juices, whereas others do 
not. Grocers have observed that bottled grape juice placed in windows 
deteriorates more rapidly than that stored in the dark. 

Certain manufacturers, observing that grape juice packed in small 
bottles deteriorates more rapidly than that kept in cool storage in 
tanks or barrels, have suggested that the juice may change because of 
its reaction with the alkali of the glass. A phenomenon which seems 
to substantiate this theory is the staining of the bottle that usually 
occurs during the deterioration of the juice. 


PRELIMINARY STUDIES AND GENERAL OBSERVATIONS 
In preliminary experiments in which bottles were filled with grape 
juice to different levels, that is, some half filled, others two-thirds, and 
others filled to about 114 inches from the top and the remainder filled 
to the top, and then pasteurized, it was noted that after four months, 
the more nearly full, the less the grape juice deteriorated. Similar 
series of bottles of grape juice were flooded with carbon dioxide or 


* Approved by the Director of the New York State Agricultural Experiment 
Station for publication as Journal Paper No. 115. 
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with steam. During storage, deterioration, as noted by flavor, color 
change, and sedimentation, was noted in all bottles. The juice in those 
treated with carbon dioxide and steam showed somewhat less deteriora- 
tion than juice in bottles of the same fill which were not treated. 
Examination at frequent intervals up to two years showed little 
change in the products except that the samples had become progres- 
sively poorer. 


These results show clearly that, other conditions being the same, 
bottled grape juice containing much air in the head space deteriorates 
more rapidly than that containing relatively little. The deterioration 
is lessened somewhat by filling the head space with carbon dioxide 
or steam. 


In order to obtain more information concerning the cause of 
deterioration of bottled grape juice, a further investigation of the 
changes and the factors involved was made. Two types of Concord 
grape juice were available. The first, ordinarily called carboy juice, 
was filled into 5 gallon carboys at 73.9 to 87.8° C. (165 to 190° F.) 
during the pressing season and then stored for from four months to 
a year to allow the argols to erystallize. The second, which was un- 
pasteurized, was stored at temperatures from —3.3 to 0° C. (26 to 
32° F.). 


The juices after storing by one of these methods, were bottled by 
procedures to be described. At intervals of a month the juices were 
examined for changes in clarity, deposition of sediment, color, aroma, 
and flavor. Aroma and flavor were judged by from six to ten in- 
dividuals who compared samples in each test without knowledge of the 
past history. Naturally preferences varied somewhat and therefore 
individuals did not agree on all samples. 

Deterioration is detected first by a clouding of the juices, especially 
the clear samples. Shortly afterward sedimentation of a brown ma- 
terial takes place, and in advanced deterioration a subsequent clear- 
ing takes place by sedimentation leaving an amber colored juice. In 
some cases the sediment may adhere to the sides of the bottle. Color 
changes are slower, the bright purple red color changing slowly to a 
red and then to a dull brown. Changes in flavor and aroma are more 
difficult to detect but are definite. Except in advanced deterioration 
the changes are apparently due to a loss of flavor and aroma more 
than to development of off-flavors. 


RELATIVE INFLUENCE OF TEMPERATURE OF PASTEURIZATION 

AND OXIDATION DURING STORAGE 
In order to study the influence of temperature of pasteurization 
upon oxidative changes both types of juice were used. In the first the 
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argols were removed by freezing storage for two months followed by 
thawing and decantation instead of by the usual commercial process 
of pasteurization, carboying, storage, and decantation. The juice was 
then filtered through an Alsop roughing filter, without using a filter 
aid, and then through a Seitz EK (germ-proofing) filter. 


A fourth of this juice was put directly into sterile bottles, filling 
half the bottles to the top (Sample A 1, Table 1) and half according 
to the usual commercial practice, i. e., within two inches from the top 
(Sample A 2). The second lot was warmed to 71.1° C. (160° F.) filled 
into bottles, one half being filled full (B 1), the other half two inches 
from the top (B 2), both were then pasteurized at 71.1° C. (160° F.) 
for 20 minutes. The third, C 1 and C 2, and fourth lots, D 1 and D 2, 
were treated the same way except that filling and pasteurizing tem- 
peratures of 82.2 and 91.7° C. (180 and 197° F.) were used. 


Within a month the juice in all of the partially filled bottles had 
become cloudy, whereas the juice in the completely filled bottles re- 
tained its clarity and color (Table 1). In two months the unheated 
samples although sterile, showed marked deterioration in flavor and 
aroma, and this deterioration became increasingly noticeable as the 
length of storage progressed. 


After six months’ storage the juice in the partially filled bottles 
showed considerable sediment as well as clouding and had become in- 
ferior in flavor and aroma to that in the completely filled bottles. 
The samples pasteurized at 71.1 to 82.2° C. (160 and 180° F.) were 
superior in quality to samples similarly treated but pasteurized at 
91.7° C. (197° F.). Those pasteurized at 71.1° C. (160° F.) were 
but slightly superior in flavor to the samples similarly treated but 
pasteurized at 82.2° C. (180° F.). After nine months a slight sedi- 
ment formed in the bottles filled to the top but very little additional 
change had taken place. 


A similar series of experiments was run on the regular commercial 
juice which had been pasteurized and stored in carboys to remove 
argols. In this case a carboy of juice filled at 74° C. (165° F.) was 
used for bottling at 71.1° C. (160° F.). These were compared with un- 
heated juice held in carboys at —1.1 to 0.6° C. (30 to 33° F.) for 
precipitation of argols. In these experiments, however, the Seitz filtra- 
tions step was omitted and no Seitz filtered samples were stored. The 
results of this second series (Table 2) are substantially the same as 
those in the first experiments. These juices did not show oxidation 
changes as rapidly as the clearer juices, particularly in regard to dep- 
osition of sediment. In all cases, although oxidation changes were 
noticeable within a few days after bottling, deterioration progressed 
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with age and not until after six months’ storage could real differences 
in flavor and aroma be definitely noted between the samples. 

From examination of these samples there is little doubt that oxida- 
tion has a comparatively greater effect on quality of juices compared 
to the effect of differences of 74° C. (165° F.) and of 82.2° C. 
(180° F.) pasteurization. Possibly the detrimental effect of high 
temperature pasteurization may be due in a large part to speeding 
the rate of oxidation, and if oxygen were entirely eliminated from 
contact with the juices, no differences would be noted. 


EFFECT OF DEAERATION UPON JUICE 

The previous experiments have shown very definitely that air has 
an effect on grape juice. The changes noted in grape juice are appar- 
ently somewhat similar to the change taking place in other juices, par- 
ticularly orange juice. Mottern and von Loesecke (1933) have devised 
a laboratory apparatus with which they have removed much of the 
dissolved air from orange juice and through a study of the product 
have shown that deaerated juice retains its quality much longer than 
orange juice which has not been so treated. 

Two samples of grape juice were deaerated in an apparatus similar 
to that suggested by Mottern and von Loesecke. The juice was warmed 
in a preheater consisting of a spiral condenser through which hot 
water was passed, thus heating the juice to approximately 28.3° C. 
(83° F.). Control samples were also prepared, in one instance omit- 
ting the preheating step, in the other running the juice through the 
preheater but not the deaerating apparatus. 

After three months noticeable differences were found between the 
various samples in regard to the amount of sediment and the quality 
of the juice (Table 3). In the bottles completely filled, slightly less 
sediment was observed in the deaerated samples than in those which 
had not been so treated. Otherwise no definite differences could be 
detected between the two series of samples. However, the complete 
filling of the bottle was found to be more important than the removal 
of air from the juice. This might have been expected as the oxygen 
in ‘he head space of partially filled bottles of deaerated juice would 
on storage dissolve, thus eliminating any good results which might be 
obtained because of deaeration. 


CHEMICAL CHANGES CAUSED BY ACTION OF AIR IN 
HEAD SPACE ON BOTTLED GRAPE JUICE 
Juice held in storage at ordinary room temperature in half-filled 
and completely filled bottles was analyzed in an effort to determine, if 
possible, the nature of the changes occurring during long continued 
















TABLE 4 
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storage. The data (Table 4) show that during storage a loss of pro- 
tein, titratable acidity, sugar, tannin and ‘‘total astringeney’’ occurs. 
A much greater loss of protein and total acidity occurs in the juice in 
the partially filled bottles than in the full bottles. The amount of sedi- 
ment per unit of juice in the half-filled bottles was approximately two 
and a half times that in the completely filled bottles. 


CATALYTIC ACTION OF LIGHT ON OXIDATION OF GRAPE JUICE 


Preliminary experiments in which bottled grape juice was stored 
in the presence or absence of light indicated that juice packed in 
bottles which contained air in the head space deteriorated less rapidly 


Analysis of Bottled Grape Juice after 15 months’ Storage 














After 15 months’ storage in dark 





Full bottle 


Half-filled bottle 
























Original juice 

Pet. 
Water insoluble sediment.................:ssceeee 0.0 
i ccittcninesianicanannciicence-avimaanceniemene 0.302' 
Acidity as tartaric acid per 100 ml......... 0.975 
Pectin as calcium pectate..............ssscceees 0.16 
I Se Ae catiesieceseennceceniencticrsnnemeeins 16.58 
Nc sciccsictinsvtbcinibiectenionesceombes 0.16 
NI ie saiscincsisicasenscscistornsocecseccnrcnnmcetennieds 0.10 
Total astringency 0.26 


Pet. 
0.0071 
0.299 
0.944 
0.15 

15.2 
0.12 
0.10 
0.22 





Pet. 
0.0177 
0.281 
0.927 
0.18 

15.4 
0.12 
0.11 
0.23 



















flavor and aroma than the others. 










* Prepared by duPont Cellophane Company. 


in the dark than in the light. Following this a series of half-filled 
bottles of grape juice were wrapped in black paper and in colored 
cellophanes as follows: pink, red, dark green, tango, light green, 
dark blue, and light blue. Another series of completely full bottles 
were similarly wrapped. The two series of samples together with un- 
wrapped controls were placed in a window having southern exposure, 
their position being changed daily so that on the average each bottle 
received the same exposure of light. At the end of six months all the 
samples in the full bottles were still in excellent condition and none 
of the testers could distinguish between them. Of the partially filled 
bottles those which had been wrapped in black paper or in dark green, 
dark red, or dark blue cellophane had less sediment and were of better 


Since bottled grape juice wrapped in dark wrappers does not have 
an attractive appearance, a number of especially prepared slightly 
colored cellophanes* were tested to determine their value as protective 
wrappers. These special cellophanes are more or less impervious to 
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the short wave lengths of light and are used for foods high in fat, 
such as potato chips and salted nuts. 


The procedure employed in testing the second series of cellophane 
was the same as that described above except in this case at the end of 
three months the samples contained in the half-filled bottles were 
filtered through tared Gooch crucibles and the sediment washed with 
distilled water, dried and weighed. The results (Table 5) indicate 
that dark papers, and MFC Tango, PFC amber, and MFC amber 
cellophanes do retard the deposition of sediment in bottled grape juice. 


TABLE 5 


Amount of Sediment in Bottled Grape Juice Wrapped 
in Colored Cellophanes 




















A... 2 Fullness of bottle Wrapper a A ppgaae 
GJ9BF |Completely filled at 185° F. | None .0020 g. 
GJ9BW |Filled to within 3 c.c. of top 

at 185° F. None .0024 
GJ9BH |Half filled None -0059 
GJ9HH |Half filled MRC .0028 
GJ9DH |Half filled Dark green paper .0028 
GJ9AH |Half filled None—in dark .0031 
GJ9CH |Half filled Black paper .0031 
GJ9JH |Half filled MFC tango cellophane .0032 
GJ9GH |Half filled PFC amber cellophane .0032 
GJ9KH |Half filled MFC amber cellophane .0035 
GJ9LH |Half filled MRC lemon cellophane .0040 
GJ9EH |Half filled Dark green .0040 
GJ9FH |Half filled PFC tango .0048 
GJ9IH |Half filled MRC tango cellophane .0063 
GJ9MH |Half filled MRT cellophane .0063 





The data also show that relatively little sediment is deposited in full 
bottles even though they are exposed to light for considerable periods 
of time. 


GLASS AS A FACTOR IN DETERIORATION OF GRAPE JUICE 


Since it had been suggested that the reaction of the alkali of glass 
with the acids of grape juice is a factor in deterioration of bottled 
grape juice, two series of samples of commercially prepared juice, 
which had been freed from argols by the usual carboy storage pro- 
cedure, were sealed in three different kinds of glass tubes: soft, 
pyrex, and resistance glass. One series of these tubes was filled nearly 
full with chilled juice. A very high vacuum (under one centimeter 
of mercury pressur*) was drawn on the juice, thus not only drawing 
the air out of the tubes but also causing the juice to boil and give up 
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its dissolved air. While under the high vacuum the tubes were sealed 
with a blast lamp. The other series of tubes was filled half full and 
sealed without evacuation. 

The sealed tubes were pasteurized at 82.2° C. (180° F.) for 30 
minutes and then placed in a window with southern exposure. In a 
few weeks the juice in the partially filled non-evacuated tubes had lost 
its deep purple color and had deteriorated in flavor, aroma, and 
elarity. In about three months’ time, although the juice was still 
sterile, a heavy reddish brown sediment had been deposited in each 
of the partially filled tubes, regardless of kind of glass, and the juice 
had turned to a light brick red color. Its flavor and aroma were de- 
cidedly unpleasant. 

On the other hand, at the end of three months no apparent change 
had occurred in the juice in any of the highly evacuated tubes. Even 
after 20 months’ exposure in the window the only noticeable change 
was the deposition of a slight amount of sediment in the bottom of 
each tube. The juice in pyrex, resistance, and soft glass stood up 
equally well. 

These experiments seem to indicate that deaerated juice packed 
under high vacuum retains its good qualities indefinitely regardless of 
the kind of glass used in making the bottles. 


OPTIMUM STORAGE TEMPERATURE 

Samples of bottled pasteurized grape juice were stored at 1.1° C. 
(34° F.), 8.3° C. (47° F.) and room temperature, averaging about 
22.2° C. (72° F.). At the end of three months the juice in all of the 
completely filled bottles was still in excellent condition. That in the 
partially filled bottles which had been stored at room temperature had 
deteriorated. Its deep purple had turned to a muddy brick red ; much 
sediment had been deposited and its flavor and aroma were no longer 
pleasing. The juice in the partially filled bottles which had been 
stored at 34° and 47° F. was still in very good condition although not 
quite the equivalent of the juice in the full bottles. 

On longer standing at 1.1° C. (34° F.) small amounts of argols 
were deposited in some of the samples; none were deposited at either 
8.3° C. (47° F.) or at 22.2° C. (72° F.). 

After six months’ storage the juice in all of the partially filled 
bottles was noticeably inferior to that stored in the full bottles re- 
gardless of the temperatures employed. 

Further, while low storage temperatures retard the changes caused 
by oxidation, the oxidation of the juice is not prevented. 
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CONCLUSIONS 


Pasteurized Concord grape juice stored under a high vacuum or 
in bottles containing substantially no oxygen undergoes very little 
change even when exposed to light at room temperature. 

The juice in partially filled bottles deteriorates rapidly. The 
changes noted are the clouding of the juice, a change from bright 
purple red to a brown color, a slow deposition of a brown sediment 
leaving an amber colored juice, and a detrimental change in aroma 
and flavor. These changes occur more rapidly at room temperature 
than at lower temperatures. Light, particularly that of short wave 
length, accelerates these changes. 

Commercially bottled grape juice has been subject to the oxidative 
changes described above since the air has not been eliminated from 
the bottle. 

Concord grape juice which has never been heated does not keep 
well even though it is sterile and kept in absence of oxygen. 

Concord grape juice seems to keep equally well in soft glass, hard 
(resistance) glass, and pyrex glass containers. 

Heating at 73.9° C. (165° F.) for 30 minutes is sufficient to destroy 
the microorganisms in the juice, so that it will keep satisfactorily in 
bottles containing little or no oxygen in the head space. 
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During the past 25 years, more and more attention has been given 
to microbiology of food preservation and spoilage. Spoiled foods and 
causes of spoilage have claimed most of the attention of bacteriologists. 
With exception of canned meats which have been studied by Savage, 
Hunwicke and Calder (1922) and Ruyle and Tanner (1935) little at- 
tention has been given to other canned foods. It is now desirable to 
know more about viable microorganisms which may be present in 
canned foods which have been subjected to sterilizing processes. The 
purpose of the experimental work described in this report was to 
determine the per cent of merchantable canned corn which contains 
viable microorganisms, the type and characteristics of the microorgan- 
isms isolated from it and to discover whether under favorable con- 
ditions it would be possible for such microorganisms to cause spoilage. 
Since the canned corn used in this work was not spoiled when selected 
for the work, little attention was given to organisms which might cause 
food poisoning. Observations were made, however, which bear on this 
question. 


HISTORICAL 


Among the first to report results of bacteriological examination of 
canned corn, were Prescott and Underwood (1898) who found living 
bacteria in spoiled cans but none in sound cans. Barlow (1913) dis- 
covered thermophilic bacteria to be the cause of ‘‘flat-sour’’ spoilage 
thus laying the foundation for later work on the relation of these or- 
ganisms to spoilage of many non-acid foods. The first comprehensive in- 
vestigation of merchantable canned foods was carried out by Weinzirl 
(1918) and Cheney (1919). Among 1018 cans examined by Weinzirl 
were 61 cans of corn, fourteen or 23 per cent of which contained viable 
bacteria. That viable bacteria might be present in sound jars of food 
was shown by Bushnell (1918) who pointed out the need of careful 
storage. Results of studies of spoilage bacteria have been published 
by Esty and Williams (1920), Bigelow (1920), Cameron (1930), Bige- 
low and Cameron (1932) and Clark (1933). 
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EXPERIMENTAL 


Nine hundred cans of commercially canned sweet corn were 
examined bacteriologically ; the temperature and time of processing 
of 792 of them were known. One lot of 672 cans consisted of No. 2 
‘‘Special C Enamel’’ cans of cream-style corn, representative of the 
standard practice used by packers. One hundred twenty eans (48 
whole grain and 72 cream-style corn) had been packed by the Depart- 
ment of Horticulture, University of Illinois. The remaining 108 eans 
were selected from popular brands at retail stores. Twenty-seven of 
these were hard swells and 57 soft-swells when opened after incubation. 

Six hundred forty-eight cans (72 packed by the Department of 
Horticulture of the University of Illinois and 576 others) were filled 
and closed at 85 to 90.5° C. (185 to 195° F.) and processed 75 minutes 
at 121.1° C. (250° F.). Cans were cooled either by spray or immersion 
in a tank of cold water. Ninety-six cans were filled and closed at 85° 
C. (185° F.) and processed 70 minutes at 119° C. (246° F.), after 
which they were cooled in a tank. Whole-grain corn was cold packed 
and usually exhausted before processing. The time of processing 
varied, averaging approximately 129° C. (264° F.) for 12 minutes. 
All whole-grain corn was processed at higher temperatures and for 
shorter lengths of time than cream style corn. 

The technic for examining and culturing the cans was that gen- 
erally used by those experienced in examination of canned foods; 
it has been reviewed by Tanner (1932). Modifications which were 
necessary will be noted in the description of various phases of the 
work. Each day, when cans were opened, the air and floor of the 
laboratory were sprayed with a three per cent solution of cresol, and 
the working table covered with towels which had been saturated with 
a five per cent solution of phenol or bichloride of mercury. While 
bacteriological work was being carried on, nutrient agar plates were 
exposed to the air of the laboratory in order to determine numbers 
and types of microorganisms which might possibly act as contam- 
inants. These plates were incubated for 48 hours at 37° C. (98.6° F.) 
and 55° C. (131° F.). Very seldom were microorganisms found which 
would grow at 55° C. (131° F.). If the control plates happened to 
contain the same type of microorganisms as the corn, the original 
product was replated. 

All glassware was sterilized at least one and one-half hours at 
160° C. (320° F.) or above in a hot-air oven. All media were auto- 
claved from 30 minutes to one hour at 15 pounds pressure. After 
sterilization they were incubated for from 24 to 48 hours at 55° C, 
(131° F.) in order to make certain that no thermophilic organisms 
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were present. Such organisms will not develop when media are in- 
cubated either at room temperature or 37° C. (98.6° F.). 

Cans of corn to be examined were incubated at 55° C. (131° F.) 
from three days to four months (Table 1). Upon removal from 
the incubator, they were carefully examined for evidence of leaks, 
rusty places, imperfect seams and swelling. Immediately before open- 
ing, each can was numbered and allowed to stand in a five per cent 
phenol or bichloride of mercury solution for at least fifteen minutes. 
The top of the can was then still further sterilized by covering it 
with aleohol which was burned off. A sterilized metal can opener was 
used to cut a hole one inch in diameter in the top of the can in order to 
remove samples aseptically. Sterile petri dish covers were placed over 
the top of the cans after the opening had been made. 

Corn samples were removed from the can with sterile glass tubes, 
approximately one-half inch in diameter and fifteen inches in length. 
Fifteen to 20 ¢.c. of corn were taken from the center of the can and 
placed into each of four Erlenmeyer flasks containing 250 ec.c. of 
sterile nutrient broth. After the corn was added, nutrient broth in 
two of these flasks was covered with sterile paraffin (M. P. 56 to 58° C. 
[132.8 to 136.4° F.]). These flasks served as anaerobic enrichment 
cultures. This enrichment medium was virtually a corn-broth having 
many of the properties of the corn itself in the cans. During the latter 
part of the experimental work a Superla wax-paraffin mixture (M. P. 
Superla wax, 72 to 74° C. [161.6 to 165.2° F.]) was used instead of 
paraffin alone. The proportions (two parts paraffin and one part 
Superla wax) recommended by Coddington (1933) were used. This 
wax was sterilized for long periods of time in the autoclave and added 
to the Erlenmeyer flasks in two layers. Cultural tests on the wax 
revealed no viable organisms. A thin layer was poured over the top 
of the medium and allowed to harden before a second layer one-fourth 
to one-half inch thick was added. This wax mixture did not seem to 
contract from the sides of the flask as did paraffin and made strictly 
anaerobic conditions more certain. Twenty e.c. of corn were also 
placed in a sterile test tube, sealed with paraffin, and saved for future 
checking if necessary. 

One of the aerobic and one of the anaerobic enrichment cultures 
were incubated at 55° C. (131° F.) for seven days, or less if growth 
appeared, while the remaining two were incubated at 37° C. (98.6° F.). 
At the end of this incubation period anaerobie and aerobic plate cul- 
tures were made from the contents of each flask. During the early 
part of the experimental work anaerobiosis was secured by means of 
Marino’s (1907) method in which the petri dish is sterilized with the 
bottom half resting in the cover, the inoculated medium is poured 
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between the halves, and the narrow opening is sealed with sterile 
paraffin. On account of the difficulty of securing an air-tight seal, 
and of examining the plates and picking isolated colonies, this method 
was discarded in favor of Varney’s (1929) phosphorus-jar method 
which not only provides anaerobic conditions at the beginning, but 
also keeps them anaerobic throughout the period of incubation. If 
growth occurred in the flasks before the end of seven days the micro- 
organisms were isolated at the time the growth appeared. Media used 
for plate cultures consisted of three gms. of meat extract, five gms. of 
peptone and 100 e.c. canned corn filtrate added to 900 c.c. distilled 
water. Corn filtrate was made by diluting the contents of a can of corn 
with distilled water (one part corn and three parts water) and filtering 
through cotton. Agar cultures were made by removing one c.c. of the 
contents of each enrichment culture by means of a sterile pipette, 
adding this to tubes containing 10 e.c. of the corn-filtrate agar, gently 
rotating the tube and pouring its contents into a petri dish. One-half 
of the agar plate cultures were incubated at 37° C. (98.6° F.) and 
the other half at 55° C. (131° F.) for at least ¢2 hours. Air in the 
incubators was always kept moist to prevent the drying of media. 
After the above series of cultures was made, enrichment cultures 
were set aside in a 37° C. (98.6° F.) ineubator for six months or more 
and watched for evidence of growth. This gave dormant bacteria 
opportunity to develop. If growth appeared the microorganisms were 
isolated at once. If no visible growth appeared, a second set of agar 
plate cultures was made and examined before the flasks were discarded. 


All microorganisms found in agar cultures were replated, and 
isolated colonies selected for addition to the stock cultures which were 
kept on nutrient agar slants in paraffin sealed tubes. Several times 
during the year all microorganisms were replated and colonies of 
apparently different structure selected for cultural study. Mutants 
may have been included in this way, but they were kept as separate 
microorganisms until cultural characteristics either indicated or did 
not indicate that all colonies on the same plate were composed of 
microorganisms of the same type. In 35 instances two or more types 
of microorganisms were isolated from one can of corn. 


Simple stains were attempted of the undiluted contents of each 
ean. Little importance, however, could be attached to the results of 
examination of these stained films, for the corn would necessarily have 
to be very heavily contaminated with microorganisms if any could be 
found in such small samples. Numerous microorganisms were always 
found in stained films made from spoiled corn, but only an occasional 
rod could be definitely identified in films of normal corn. 
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As soon as the samples for bacteriological examination had been 
removed from the cans, color, odor, consistency and taste of the corn 
were noted, and the pH of the liquor determined colorimetrically. In 
order to determine the pH it was necessary to dilute the corn with 
neutral distilled water (one part corn and three parts water) and 
to filter the dilution through cotton. Data concerning the condition of 
corn and cans at the time of opening are shown in Table 1. All corn 
having a pH below 6.2 was considered more acid than normal. Only 21 
(12 flat and 9 swelled cans) of the 39 listed as ‘‘acid’’ were decidedly 
acid, however, and could be classified as really ‘‘sour.’’ All eorn 
having a dark color and a slightly burned taste was classified as 
‘‘caramelized.’’ Caramelization was probably due to excessive heating 
and long periods of incubation rather than to any action of micro- 
organisms. Likewise, swelling of cans, which will be discussed more 
fully in another place, may have been due in some cases to over-filling 
or long incubation at 55° C. (131° F.). It will be noted that ‘‘swells’’ 
and ‘‘caramelized’’ corn occurred most frequently in cans which had 
been incubated for a comparatively long period of time. 


Two hundred fifty-six opened, cleaned cans were examined for 
defects by a technologist experienced in can manufacture. The pro- 
cedure will not be described here. Bitting and Bitting (1917) and 
Esty and Stevenson (1925) have described methods for examination 
of leaks. Of the first 800 cans opened, 161 non-sterile cans were 
selected for determination of defects. None were found in 132 (82 
per cent) of them. Thirteen of the remaining 29 cans were reported as 
having rusted ‘‘pinholes’’ through the tin plate. Sixteen (approxi- 
mately 10 per cent) were reported as having defects such as loose 
seams, poor soldering, ete., through which leaks might have occurred. 
All of the last 95 cans which were opened for bacteriological examina- 
tion, irrespective of whether they were sterile or non-sterile, were 
examined for defects. About 11 per cent of the sterile cans in this 
group and 23 per cent of the non-sterile cans were found to be defec- 
tive. 

RESULTS OF EXAMINATION OF NORMAL Cans OF CoRN 

Six hundred eighty-five (76.1 per cent) of 900 cans of corn exam- 
ined were found to be sterile if sterility may be judged by failure to 
isolate microorganisms from their contents by the technic described 
above (see Table 1). Two hundred fifty-six strains of microorganisms 
were isolated from 215 non-sterile cans. From one of these cans, which 
was a ‘‘hard swell’’ and a leaker (pH of contents 4.8) four strains 
were isolated. From another can with no noticeable defects (pH of 
contents 6.4) three strains were isolated. Two strains were isolated 
from each of 33 cans, 15 of which were examined for defects and 
found to be sound. 
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It was noted above that only 10 per cent of non-sterile cans exam- 
ined for defects showed real evidences of leaks and eight per cent 
showed pinholes. Also in a total number of 81 sound cans, which were 
examined for defects, 28.4 per cent were found to be non-sterile. 
Therefore it seems that few of the microorganisms could have entered 
the cans through leaks. The time of incubation at 55° C. (131° F.) 
appears to have considerable effect on the viability of spoilage-micro- 
organisms. They evidently are susceptible to high temperatures in 
presence of acids formed in their own metabolism as stated by Tanner, 
Echelberger, and Clark (1932). 


RESULTS OF EXAMINATION OF SPOILED CORN 


Of the 900 eans of corn examined, 27 were ‘‘hard swells’’ and 
57 ‘‘soft swells’’ after inecubation.* Since the majority of the 
‘“soft swells’’ had been incubated at 55° C. (131° F.) for two weeks 
or longer, swelling may have been due to overfilling, overheating 
or both. A few of the ‘‘hard swells’’ may have resulted from the 
same treatment. Sixteen of the ‘‘hard swells’’ were evidently caused 
by microorganisms, however, for numerous long rod forms were found 
in stained films made of contents of the can; the pH ranged from 4.2 to 
6.0, and the odor of the corn was either putrid or sour. 

In no ease could microorganisms observed on stained film be in- 
duced to grow on laboratory media. Repeated attempts were made 
to induce them to grow in dextrose broth, plain nutrient broth, dex- 
trose agar, starch agar, and corn agar (nutrient agar plus 10 per cent 
eanned corn liquor) both aerobically and anaerobically, but all flasks 
and plates remained sterile. 

Similar difficulties were experienced with 12 cans which had 
undergone ‘‘flat sour’’ spoilage. Direct microscopical examination of 
the contents of the cans revealed numerous long rods and the pH 
ranged from 4.0 to 5.6; the causative microorganisms, however, could 
not be isolated. This difficulty has been recognized for a long time. 
As early as 1899, Aderhold (1899) reported failure to isolate micro- 
organisms from cans of spoiled asparagus, beans, carrcts, and peas. 
He likewise was able to find numerous microorganisms by microscopi- 
eal examinations of the spoiled vegetables, but when either aerobic 
or anaerobic cultures were made ‘‘sie blieben jedoch ausnahmlos 
steril (selbst nach 14 Tagen).’’ He believed that because of the lack 
of oxygen in the cans spores were not formed and since the cans did 
not reach his hands until they were from three to eight months old, all 








*Cans which swell when heated, but become flat when cooled, and cans which 
are bulged at one or both ends, but may be easily pressed back into place. 
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vegetative forms had died. He noted that the contents of the cans 
(especially peas) were frequently very acid. Tanner, Echelberger, 
and Clark (1932), in an attempt to secure more informaticy on this 
situation which has become known as ‘‘autosterilization,’’ demon- 
strated that when cans of corn were inoculated with a ‘‘flat sour’’ 
producing microorganism and incubated at 55° C. (131° F.) they 
soon became sterile. No viable microorganisms could be found in the 
inoculated corn 28 days after inoculation, at which time the contents 
of the can had reached a pH of 4.8. In another experiment, viable 
cells were absent after nine days. ‘‘ Autosterilization’’ did not occur, 
however, in the cans inoculated with microorganisms producing putre- 
factive spoilage. 

Attempt was made to group the organisms according to salient 
characteristics. The Index Number on the 1929 Descriptive Chart of 
the Society of American Bacteriologists was used. 

The largest group of organisms contained 215 (84 per cent) of the 
256 strains isolated. They possessed characteristics quite similar to 
members of the Bacillus subtilis group, and would develop under 
anaerobic conditions. 

The chief points of difference, however, were in the size of rods 
and optimum temperature for growth. Since statements in litera- 
ture concerning the size of B. subtilis and its ability to grow at 55° C. 
(131° F.) seem to be conflicting these may not be real points of 
difference. Conn (1930) discussed two distinct microorganisms, both 
of which have been classified by various workers as B. subtilis. One 
type, the Michigan type, is not able to grow at 50° C. (131° F.) and 
has spores, 0.8 to 1.0 micron in diameter, which germinate at the 
poles. The other type, the Marburg type, which Conn believes to be 
the true B. subtilis of Cohn, will grow at 50° C. (131° F.) and has 
spores which are 0.6 to 0.8 micron in diameter and which germinate 
equatorially. Morrison and Rettger (1930) described a variety of 
B. subtilis which is a facultative thermophile (growing at 60° C. 
[140° F.]. Bergey’s classification [1934] also notes that B. subtilis 
will grow between 10 and 56° C. [50 and 132.8° F.]). 

Many subdivisions of this group could be made on the basis of 
the behavior of its members on various media. One subdivision agreed 
fairly closely with the description of Bacillus subtilis (Ehrenberg) 
Cohn given by Ford et al. (1916). A few minor points of differ- 
ence were noted. Ford and co-workers stated that Bacillus subtilis 
never coagulates milk. One hundred fourteen of the 150 in this 
group coagulated milk at either 37 or 55° C. (98.6 or 131° F.) within 
10 days after inoculation. No coagulation was detected with the 
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remaining 36 which either caused no change at all or complete pep- 
tonization and reduction of litmus milk. Sometimes a microorganism 
would cause coagulation and at other times only peptonization and 
reduction of litmus milk. Behavior in litmus milk cannot, therefore, 
be considered a reliable medium for differentiation. 


The remaining 41 organisms differed from those in the group 
deseribed above only in minor characteristics. They do not require 
special discussion. 

The organisms isolated from the cans of corn used in this investi- 
gation were quite resistant to unfavorable conditions. Fifty-seven 
strains were shown to resist nine months’ desiccation under very 
unfavorable conditions. This might indicate that spoilage organisms 
may persist for long periods in a canning factory. Heat resistance 
of cultures to process times and temperatures used for canned corn 
was not determined. Tests were made, however, at 100° C. (212° F.). 
Ninety-six cultures resisted 30 minutes. 

The last phase of the investigation was concerned with determina- 
tion of ability of microorganisms to cause spoilage of canned corn. 
Forty-four microorganisms were selected for this purpose. Thirty- 
two were taken from the large group and all resisted 100° C. (212° F.) 
for 30 minutes. Cream style corn, which was used for this experi- 
ment, was removed from the cans aseptically and approximately 20 
c.c. were placed into each of 92 large sterile cotton-plugged culture 
tubes. They were autoclaved at 15 pounds pressure for 20 minutes 
and then ineubated for 24 hours at 55° C. (131° F.) and 24 hours at 
37° C. (98.6° F.) to make certain that they were sterile. No growth 
oeceurred ; therefore, the corn was inoculated in the following manner. 
Growth on 48-hour agar slants was washed off with neutral potassium 
dihydrogen phosphate—sodium hydroxide solution and diluted to a 
density corresponding to Tube No. 1 of MeFarland’s nephelometer. 
Duplicate tubes were inoculated with one-tenth ¢.c. of this suspension 
(approximately 30,000,000 microorganisms). One of each set of tubes 
was sealed with a one-half inch layer of melted Superla-paraffin wax 
mixture and the other was sealed loosely with a thin layer of wax. 
It was hoped in this way to simulate to some extent the conditions 
existing in sound cans and leaky cans. Five uninoculated tubes 
served as controls. 

The inoculated tubes and controls were ineubated at 55° C. 
(131° F.) for 24 hours; then removed and placed in a 37° C. 
(98.6° F.) ineubator for from three to five days, depending on the 
appearance of the corn and the amount of gas formed. When removed 
from the ineubator the physical appearance of the corn was carefully 
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observed, Gram stains were made, and aerobic and anaerobic nutrient 
agar cultures were made of the contents of each tube. 

In stained films prepared from every one of the inoculated tubes, 
regardless of whether the seals were tight or loose, Gram positive rods 
similar to those used for inoculation were found. The pH of the inocu- 
lated tubes having good seals ranged from 5.6 to 6.6, the latter of 
which is that of normal corn. The pH of the loosely sealed tubes 
was not very different—5.8 to 6.2. Had it not been for gas forma- 
tion and an oceasional pink membrane over the surface of the corn, 
the appearance of all tubes would have been normal. The odor was 
more frequently stale than sour and in some cases would not have 
been detected without careful observation. Viable microorganisms 
were recovered from all loosely sealed inoculated tubes and from all 
except one of the tightly sealed tubes. Since the corn in the tube from 
which microorganisms were not recovered had a pH of 5.8 it is possible 
that it had been ‘‘autosterilized.’’ 

Gas was formed in the majority of inoculated tubes. Two tubes 
were removed from the ‘‘loosely sealed’’ group and used for gas analy- 
sis. The gas proved to be approximately three-fourths carbon dioxide. 
The remaining one-fourth was not determined. 

Cultural characteristics of the recovered microorganisms corres- 
ponded well with those of the microorganisms which had been used 
for inoculation. The chief difference in the behavior of the micro- 
organisms used for inoculation and the recovered microorganisms 
was that a larger per eent of the recovered microorganisms grew 
anaerobically. The sugar fermentations of the original and the recov- 
ered microorganisms corresponded exactly. Neither formed any gas 
in dextrose, lactose, sucrose, or glycerol fermentation tubes of the 
Durham type. 

An attempt was made to check gas formation noted above by 
inoculating a second series of tubes with 14 of the microorganisms 
which had produced the largest amount of gas in the first series. 
Additional care was employed in checking sterility of corn which 
was autoclaved for one hour at 20 pounds pressure. After incubating 
24 hours at 55° C. (131° F.) and 24 hours at 37° C. (98.6° F.) a 
four millimeter loopful of the contents of each tube was removed, 
stained and examined microscopically. Also both anaerobie and 
aerobic plates were inoculated with samples of each tube. None of 
the tubes of corn showed the presence of viable microorganisms. 
Therefore all were used for inoculation with one-tenth e¢.c. of neutral 
potassium dihydrogen phosphate—sodium hydroxide suspension of 
the microorganisms selected for use. These tubes were incubated for 24 
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hours at 55° C. (131° F.) and then placed into the 37° C. (98.6° F.) 
ineubator for four days. 

As in the first series, the majority of tubes showed presence of 
gas which proved to be mostly carbon dioxide. Viable microorganisms 
were recovered from inoculated tubes of corn while the control tubes 
were all sterile. 

In order to determine whether the absence of gas in the culture 
media and the presence of gas in the corn tubes was due to a chemical 
difference in the corn and the cultural media employed or whether 
the consistency of the corn and the wax seal merely served as a better 
means of retaining the gas than the Durham fermentation tubes, the 
following tests were carried out. Twenty cubic centimeters of various 
combinations of dextrose, sucrose, and starch with a soft agar base 
were placed into test tubes of the same size as those used for the corn, 
and inoculated with one of the members of the first group of micro- 
organisms which had produced gas in both series of tests just 
described. The media in these tubes were covered with wax in the 
same manner that the corn had been covered. All tubes containing 
dextrose, sucrose, or a combination of dextrose and sucrose showed 
slight gas formation, the wax plugs being raised from two to five mm. 
above the media. 

Dextrose broth and sucrose broth (one per cent) in Durham fer- 
mentation tubes were inoculated in duplicate with six microorgan- 
isms. One of each of the duplicate tubes was covered with wax while 
the other was allowed to remain uncovered. Gas was formed beneath 
the wax plugs in all tubes containing dextrose or sucrose; none ap- 
peared, however, in the arms of the fermentation tubes. 

Normington (1919) observed that eight microorganisms (inelud- 
ing B. subtilis) were able to produce gas in peas, but not in other 
media. Jensen et al. (1934) reported the formation of gas in nitrate- 
nitrite-sugar cured chopped hams by B. subtilis. Therefore it seems 
that microorganisms which are frequently found in normal canned 
vegetables may under certain conditions form gas in the canned prod- 
uct and give it an unpleasant odor and flavor. The odor and flavor 
produced by the corn microorganisms are very mild in comparison 
to those produced by ‘‘flat sour’’ and ‘‘sulfide spoilage’’ microorgan- 
isms. Judging from the results of the experiments reported above, 
it would seem that if the number of microorganisms present in the 
canned corn were large enough to produce the initial growth necessary 
there might be some evidence of spoilage from this source. 

This work indicates that the conditions which determine whether 
a ean of food which contains viable organisms will spoil or not are 
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quite comp'ex. Once it was believed that cans of food which did not 
show evidences of spoilage were sterile and that they would remain 
sound as long as the container was intact. Such a position may be no 
longer maintained. Canned corn, as is the case with canned meats, 
must be considered to be only ‘‘commercially sterile.’’ Canned corn 
remains sound because it is stored under conditions which do not 
permit the bacteria to start growing. The phenomenon of dormancy, 
discussed by Burke, Sprague, and Barnes (1925) plays a role in 
eanned food spoilage. 

Viable bacteria in canned corn do not harm its quality or safety. 
Those which do survive probably remain spores since stained films 
prepared with the contents of sound cans showed practically no bac- 
teria. Stained films from swelled cans showed numerous bacteria. 


SUMMARY AND CONCLUSIONS 

Frequent statements in the literature indicate that sound canned 
foods of various types may harbor viable bacteria which may or may 
not spoil the product. This situation has caused American canned- 
food technologists to qualify the word sterility. The expression ‘‘com- 
mercial sterility’’ is now used for a can which does not undergo any 
changes caused by growth of microorganisms surviving the process 
when it is subjected to the usual conditions of commercial storage and 
distribution. ‘‘Commercial sterility’’ indicates that the food product 
has been subjected to processing sufficient to destroy any pathogenic 
organisms or toxins that might be present in the food and also to 
prevent the product from spoiling when properly handled in ordinary 
course of trade. 

Bacteriological examination of 900 cans of commercially sound 
corn indicated that 24 per cent of them contained viable microorgan- 
isms. Very little evidence was secured to indicate that faulty con- 
tainers were responsible for the presence of these viable cells in a 
product which had received such rigorous heat treatment. 

Two hundred fifty-six strains of microorganisms were isolated 
and cultural characteristics studied. Two hundred fifteen of them 
belonged to one group. Since morphological and cultural character- 
istics of these microorganisms varied greatly with media and ineuba- 
tion, no attempt was made to make definite identification of species. 
All were Gram positive spore-bearing rods, and with few exceptions 
all were faculative thermophiles, growing at both 37 and 55° C. 
(98.6 and 131° F.) under anaerobic conditions. 

Attempts were made to isolate microorganisms from 28 eans of 
spoiled corn (16 ‘‘hard swells’’ and 12 ‘‘flat sours’’), but none of 
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these attempts was successful. The cans were obtained so long after 
canning that autosterilization had probably occurred. 

Broth cultures of 57 strains of microorganisms isolated from corn 
were allowed to dry at room temperature for a period of nine months. 
At the end of this period all strains were still viable. 

Gas was produced within six days in corn inoculated with 33 
strains of microorganisms isolated from cans of normal corn. The 
results of this investigation indicate that sound merchantable cream- 
style corn may contain spoilage bacteria. Whether they develop or 
not depends on their temperature relations and the ware-house con- 
ditions under which the cans are stored. 
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HISTORICAL DATA 
In California, as well as in all other important wine-producing 
regions, wines are subject to attack and spoilage by a group of several 
species of rather closely related nonmotile, rod-like bacteria. 


‘ 


According to Semichon (1905) one of these, the ‘‘mannitie fer- 
ment,’’ Bact. mannitopoeum, develops principally during fermentation 
of grape must at high temperatures, 38 to 40° C. (100.4 to 104° F.), 
and is characterized by production of considerable (often one per cent 
or more) mannite from levulose. He states that the disease known as 
‘*Tourne’’ and which in many respects resembles the mannite disease, 
usually develops after yeast fermentation has ceased or has become 
very slow, and is due to a filamentous, anaerobic bacterium that con- 
verts tartrates into acetic and propionic acids. He states that it forms 
lactic acid, succinic acid and mannite, as well as acetie acid, from 
sugar. A similar organism, according to Semichon, is responsible for 
the disease known as ‘‘pousse’’ which differs from ‘‘tourne’’ in that 
gas, carbon dioxide, is produced abundantly, often giving the ap- 
pearance of yeast fermentation. A third disease, ‘‘l’amertume’’ (bit- 
terness) is attributed by Semichon to a filamentous, anaerobic bac- 
terium, similar to the tourne and pousse organisms. 

Other French authors Paeottet (1926), Chanerin (10th edition), 
Dugast (1930), Gayon and Dubourg (1894) and Kayser (1913) have 
expressed similar opinions. Recently a British author, Couche (1935), 
expressed views and used nomenclature very similar to those of the 
French authors cited above. His book summarizes very well the work 
and opinions of the old French school. 

Sannino (1925) refers briefly Bacillus saprogenus vini I and 
1, Bacillus roseus vini of Bacillus amarcrylus of Voisenet and Bacillus 
lacticus as rod-shaped bacteria capable of growing in wine in the 
absence of air. Voisenet (1911) has studied extensively B. amarcrylus 
that decomposes glycerine with formation of acrolein. 

Some of the most thorough research on the rod-shaped bacteria of 
wines was conducted by Miiller-Thurgau and Osterwalder (1913, 
1922, 1917, who have described Bact. mannitopoeum, Bact. inter- 
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medium, and Bact. gayoni, all capable of forming mannite from levu- 
lose; Bact, gracile, which like Bact. intermedium attacks malic acid; 
and Bact. tartarophthorum which destroys tartrates with formation 
of acetic acid and carbon dioxide, and converts glycerine into acetic, 
propionic and lactic acids. 

Niehaus (1930, 1932), reports a long, thread-like bacterium from 
sweet fortified South African wines capable of growing actively at 
18 per cent alcohol. It requires a growth promoting or growih sup- 
porting substance from yeast and a moderate amount of sugar for 
growth. It forms mannite from sugar. Fevrier (1926) found a rod 
organism responsible for spoilage of fortified sweet wines in South 
Africa of 19 to 20 per cent alcohol. Unlike many previously re- 
ported bacteria of this group it did not attack tartrates. It was ex- 
tremely heat-resistant, withstanding 80° C. (176° F.) for 15 minutes 
(five-minute periods on three successive days), although it was non- 
spore-bearing. Pacottet, Sannino, and Semichon (previous citations) 
report the death temperature of Tourne bacteria as 60° C. (140° F.) 
in one to two minutes. 

In a recent paper d’Estivaux (1935) reported upon a long rod 
bacterium found responsible for spoilage of fortified Port wines. 
It grew readily at 18.1 per cent alcohol in such wines, forming con- 
siderable acetic and other volatile acids. It was Gram-positive and in 
older cultures most of the cells were associated in pairs forming an 
obtuse angle. Other writers have reported this peculiarity of anaero- 
bie and facultative anaerobic rod organisms found in wine. 


G. de Astis Arezzo (1918) discussed the formation of lactie acid 
in wine by the action of bacteria on malice and succinie acids and to 
some extent on glycerol. 


CHARACTERISTICS OF SPOILAGE IN CALIFORNIA 

During the period before prohibition wines made by the ‘‘nat- 
ural’’ or ‘‘let alone’’ method frequently were spoiled by long, slender, 
rod-shaped bacteria. In some instances gas was produced but usually 
it was absent. The bacteria were termed by wine chemists ‘‘tourne 
bacteria.’’ Following repeal the disease was again prevalent, particu- 
larly in incompletely fermented unfortified wines, probably owing 
to the fact that many persons unfamiliar with modern methods of 
control undertook to make wine. At present the disease has been 
eliminated in most of the larger wineries and in many small wineries 
by introduction of controlled methods of fermentation. 

The disease usually appears soon after yeast fermentation or dur- 
ing the spring months when the temperature of the cellar rises. The 
wine first acquires a peculiar, ‘‘undulating’”’ or ‘‘silky’’ cloudiness. 
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The volatile acidity rises rapidly, often reaching .30 gram per 100 
c.c. as acetic. Eventually the odor and flavor are adversely affected ; 
‘‘mousiness’’ best deseribes the condition. Such wine is fit only for 
low-grade distilling material. 


ISOLATION OF THE ORGANISM 

Much difficulty was experienced in securing growth in standard 
laboratory media. However, the bacteria grew readily in sweeet forti- 
fied wine, such as Angelica, Port, or Muscatel, free of sulfur dioxide and 
diluted to 10 to 12 per cent alcohol, or in concentrated grape juice 
diluted with water to about 2 to 2.25 per cent solids. The solid medium 
used for isolations consisted of 30 grams of grape concentrate of 70° 
Brix, 1000 ¢.c. of water and 30 grams of agar sterilized at 100° C. 
(212° F.). Its pH value was approximately 5.5. In some cases it was 
necessary to prepare an enrichment culture in diluted sweet wine 
before plating. 


The agar plates were incubated anaerobically at 30 to 33° C. (86 
to 91.4° F.). Six to seven replatings were made to ensure purity. 
Colonies appeared slowly, often only after incubation for six to seven 
days. After isolation the organism grew readily on solid media when 
ineubated aerobically ; consequently only isolations were carried out 
at reduced oxygen tension, descriptive tests being made under aerobic 
conditions. Isolations from more than 20 dry wines, both red and 
white, representing all of the important wine districts of California, 
were made. Pure cultures of this organism when inoculated into 
sound wine produced the typical ‘‘Tourne”’ disease, or spoilage. 


DESCRIPTION OF LACTOBACILLUS HILGARDII N. sp. 
Morphology. The cells are non-motile, non-sporulating rods oceur- 
ring singly and in pairs, or in short chains of three or four cells. Fre- 
quently when occurring in pairs the cells characteristically form an 
angle of 90 to 120 degrees. The average size of the cells is 0.9x4.5—6.5y. 
(See illustration. ) 


Staining Characteristics. The organism stains readily with most 
stains and is gram-positive. No flagella or capsules have been noted. 


Growth in Liquid Media. In diluted grape juice or in diluted 
sweet fortified wine with about 10 per cent alcohol, growth is abundant 
in 48 to 72 hours at 30 to 33° C. (86 to 91.4° F.). The sediment is 
pulverulent and moderately abundant. There is no pellicle formation. 
The characteristic ‘‘mousey’’ odor which is present in diseased wines 
develops also in liquid culture after about one week’s incubation. No 
growth was noted in a sugar-free broth. 
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Agar Colonies. Growth on solid media is poor, with colonies ap- 
pearing after 48 hours’ incubation at 30 to 33° C. (86 to 91.4° F.). 
The colonies are punctiform, white and glistening, translucent, with 
edges entire. The surface is finely granular and the contour is low 
convex. 

Agar Slant. A seanty, diserete and filiform growth appears after 
48 hours’ ineubation at 33° C. (91.4° F.). 

Agar Stab. Growth is uniform along the line of inoculation with 
little to no surface growth. 

Agar Shake. Small colonies develop uniformly throughout the 
medium, many being lens shaped. No gas is formed and the medium 
is not discolored. 

Fermentation of Carbohydrates. Levulose, dextrose and xylose are 
fermented with the production of acid but no gas, levulose and xylose 
being fermented more readily than dextrose. The final pH value is 
usually aproximately pH 4. No fermentation was noted in arabinose, 
mannose, mannite, glycerol, lactose, sucrose, galactose, raffinose and 
dextrin. 

End Products of Fermentation. The principal end products of 
fermentation of levulose were found to be lactie and acetic acids. 
Mannite was not detected. Lactie acid was determined by the method 
of Friedemann and Graesser (1933). 

pH Range. The optimum pH appeared to be at about 6.0, but 
growth occurred at pH 3.0 to pH 7.6. 

Optimum Temperature. The optimum temperature range was 
found to be 31 to 37° C. (87.8 to 98.6° F.). Growth was very secant 
at 40 to 42° C. (104 to 107.6°F.) and negative at 50° C. (120° F.). 
The minimum growth temperature was not determined. 

Heat Resistance. The organism was killed at 57° C. (134.6° F.) in 
10 minutes and at 63° C. (145.4° F.) in one minute in diluted grape 
concentrate. 

Oxygen Tolerance. In pure culture the organism grew well in 
diluted grape must and diluted Angelica wine anaerobically and aero- 
bieally. 

Other Characteristics. Nitrates were not reduced; no indol or 
H.S was formed and gelatin was not liquefied. A small amount of 
acid was formed in milk and some clotting occurred. 


TANNIN AND ALCOHOL ON GROWTI 





EFFECT OF SULFUR DIOXIDE, 

In wine with 10 per cent alcohol reinforced with grape juice, 
growth was prevented in sealed containers by an initial concentra- 
tion of 75 p.p.m. of sulfur dioxide during incubation at 33° C., 
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(91.4° F.) for 120 days. After 1 day at 33° C. (91.4° F.) the or- 
ganisms were still viable in presence of from 50 to 200 p.p.m. of sul- 
fur dioxide; after 7 days, at 50 to 100 p.p.m; after 13 days, at 0 
and 50 p.p.m. only; and after 20 days only at 0 p.p.m. (negative at 
50 p.p.m.). In testing viability 1 ¢.c. of the culture was transferred 
in each ease to diluted Angelica, free of sulfur dioxide. In a medium 
similar to the foregoing 0.20 gram of oak gall tannin permitted al- 
most undiminished growth and activity, and even at .40 gram per 100 
¢.c. growth was good. 

Several experiments were made to determine alcohol tolerance. 
The maximum concentration in which growth occurred in one month 
at 33° C. (91.4° F.) in wine reinforced with 4.5 ¢.c. of grape con- 
centrate per 100 ¢.c., was 16.2 per cent by volume. After two months’ 
incubation there was very slight growth in presence of 18 per cent 
aleohol. 

SEROLOGICAL TESTS 

Since all but two of the strains representing cultures isolated from 
a number of different wines from different localities exhibited identi- 
eal cultural characteristics, it was deemed necessary to determine 
whether or not they were identical by serological tests. Using a rab- 
bit showing no homologous agglutinins, an immune serum was pre- 
pared using a typical strain of the organism as as antigen. The pro- 
cedure was as follows: first day, a subcutaneous injection with 0.5 
c.c. of a formaldehyde killed suspension of bacteria; third day, in- 
jected with 0.5 ¢.e. peritoneally; fifth day, injected with 1 e¢.c. per- 
itoneally; seventh day injected with 0.5 ¢.c. intravenously; and on 
ninth day injeeted intravenously with 0.5 ¢.c. of suspension of the 
living organisms. Two weeks after the last injection the animal was 
bled from the heart and the serum separated from the blood. Against 
the strain used in immunization the serum gave a titre of 1 to 
12,800. All of the strains from other sources, with exception of the 
two aforementioned, agglutinated at a dilution of 1 to 12,800, prov- 
ing them identical with the culture used for immunization. The re- 
maining two cultures failed to agglutinate at any dilution. 

The two non-agglutinable strains, although undoubtedly members 
of the Lactobacillus group, as they are non-spore-forming, Gram- 
positive, non-motile rods which produce acid, are not significant in 
the spoilage of wine. Sound wines when inoculated with pure cultures 
of these two strains supported little if any growth and failed to spoil. 


CLASSIFICATION AND SUMMARY 
A new species of the genus Lactobacillus responsible for much of 
the spoilage of dry wine in California has been described. 
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The name proposed for this organism is Lactobacillus hilgardu 
(in honor of Dr. E. W. Hilgard, founder of the University of Cali- 
fornia Agriculture Experiment Station and the first to undertake 
research in enology at that University). 
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Fig. 1. Lactobacillus hilgardii—X 1800. Gram stain of cells from two-day 
culture grown at 33° C. (91.4° F.). 
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Results of experiments reported herein are the second of a series 
in which the vitamin content of a number of varieties of apples has 
been determined. In our first publication, we reported on vitamins 
A, B and C content of Rome Beauty, Delicious, Stayman, Yellow 
Newton and Winesap varieties. In these tests the apples were fed 
after being carefully peeled. Since many apples are consumed 
unpeeled and since vitamin C is present in higher concentrations near 
the peel, it was deemed advisable in the second group of experiments, 
to feed unpeeled apple and determine what differences, if any, would 
develop. For this purpose experiments were repeated with the Wine- 
sap and Delicious. In addition, tests were made with Gravenstein, 
Spitzenberg, Arkansas Black, and Jonathan varieties. 

In discussing the relationship of chromosome number and gene 
activity as determinants of vitamin potency, it was pointed out in the 
first report that no determinations of vitamin-A potency had been 
made on triploid varieties. In order to obtain information on this 
point three triploid varieties, the Gravenstein, Baldwin, and Arkansas 
Black, were selected. 

Since our first publication (1934) there have been but two other 
reports by Batchelder (1934) and Smith and Fellers (1934) of 
determinations made on vitamin potency of apples. Information in 
this paper together with results not included in our first report are 
summarized in Table 1. 

Determinations for vitamins A and C were made on all varieties 
studied but only Gravenstein, Spitzenberg, and Delicious varieties 
were tested for vitamin B-complex. With exception of the Baldwin 
variety which was obtained from the Chicago market, the apples 
came from the Wenatchee and Yakima (Washington) districts. They 
were kept in cold storage under the usual conditions for such fruit 
and were removed in such quantities as to last for a 10-day feeding 
period. During this latter time they were kept in an electric ice-box 
in the laboratory. Graded amounts of apple were cut from radial see- 
tors and added to the basal diet. In the case of vitamin-A tests, the 
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apple supplement was crushed into the basal diet mixture and only 
enough water added to make a thick paste. When used as an anti- 
seorbutic supplement, the apple was offered to guinea pigs before 
they were given their regular daily feeding. When they had eaten 
the apple, the regular food mixture (as set forth in the first paper) 
was placed in the cage. The feeding periods are indicated in Table 2. 





























TABLE 1 

Variety of apple Chromosome Number Units vit. A Units vit. C 
Arkansas Black . 51 36 2.0 
I sissicatrisanniviaccovvevteeinveesouneteets 51 15 2.5 - 7.5 
Be Oe I i rceicccetisicccereceececeseve 51 ° 6.0 -10.0 
RN II viciinicsscsnesccessesescseess 51 - 1.5 - 3.0 
Bramley’s Seedling..............cscccssscsees 51 i 6.0 -10.0 
Cats Orange Pig it ...ciccccscsecseseseses 34 ° 1.5 
UII scacsssencsiovncszenienes is wa 24 2.0 -— 2.5 
Ne I asihesivticnintnvcciswnnnctisicones 51 bs 3.0 — 6.0 
ORI BIONIC csscrssccsecessesccsccsccssess 34 30 2.0 — 2.5 
IIIs canticccnienccisaenicsemccisiaininces 51 14-17 3.75 
Jonathan. dhavsibonaitaasbtaiaeesonti 34 24 1.5 — 2.0 
ee I  crarssscineresvacicsciveretiatoesees 34 as 1.5 
ESOS PPIROG AIDC. .0.cccececccecececesses 34 ° 3.0 
PID cecntesstserssnersess 34 33 1.2 
Newtown Wonder. 34 ” 3.0 
I IN 6aicss canbasesitoisacorisusanwapetene 34 ” 6.0 - 7.5 
I FR so vsccccivtsasesseosisceniscnse 51 1.5 - 3.0 
I I cssknccctescssesivscicssacsetcconeres 34 12 2.5 
BRSTMOCIS Gr CORNER. ..sessecevssccscesiesees 51 ° 3.0 
I oc sisiccescececsninciuetessinsscectes 34 36 7.0 
FINI <5 ssp sucertinctsascssmecesesooseomscsins 34 17 2.5 
INE ccciencsdcsiivccesssse 34 16 ° 
PP svivescsinnccacswiavevecctateies ae 26-36 2.5 — 3.0 
Worcester Pearmain 34 ° 1.5 
I I vicicisncccisnceteccncaccsenevcceses 51 bad 1.5 - 3.0 
eS W TO WRO WE cose ccccscsccevccccceserevseece 34 34 6.0 





* Value undetermined. 


In general the same procedure was employed as that already 
described by Manville, MeMinis, and Chuinard (1934). The rats used 
for vitamin-A testing were raised from stock animals on a basal diet 
very low in sources of vitamin A and its precursors. As soon as the 
stock females became pregnant (as determined by sudden large inere- 
ments in weight) they were placed on the regular vitamin-A free 
diet and maintained on it until the young were weaned. The mothers 
were then taken from the young and restored to the regular stock 
ration. Litters were limited to six and, as far as possible, to females. 
Males and females were seldom placed in the same group. As soon 
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as the young showed some sign of vitamin-A deficiency, such as cessa- 
tion of growth, sore eyes, respiratory infections or wet external gen- 
italia, they were transferred to experimental groups of four each and 
various quotas of apple added to their diet. 

Experience has shown it to be inadvisable to depend upon any one 
sign, such as xerophthalmia, as an indication of the end of the deple- 
tion period because all animals will not show a vitamin-A deficiency 
in the same way. Some will develop sore eyes, others will lose weight, 




























TABLE 2 
Period of feeding 

Variety of apple Season best use Storage 

Vitamin A Vitamin B Vitamin C period 
Arkansas Black |Feb. to June 4/28 to 6/23 4/21 to 8/9 | Normal 
Baldwin Dee. to June 4/23 to 8/21 4/6 to 7/20 | Normal 
Delicious Oct. to Jan. 11/17 to 1/12 | 11/7 to 1/17| 10/21 to 2/18 | Normal 
Gravenstein Oct. to Jan. 11/17 to 1/12 | 11/7 to 1/17| 10/16 to 1/14 | Normal 
Jonathan Sept. to Jan. 3/27 to 5/23 2/12 to 6/2 Long 
Spitzenberg Nov. to March | 11/17 to 1/12 | 11/7 to 1/17| 10/16 to 1/24 | Normal 
Winesap Dec. to June 6/23 to 8/18 5/11 to 8/9 Long 

















and still others will develop bad respiratory infections. We consider 
it best to take the first deficiency that manifests itself as the index of 
the end of the depletion period ; otherwise one runs a chance of such 
severe depletion that recovery upon adding a source of vitamin A is 
neither certain nor productive of the best growth. 











TABLE 3 
‘. Average Average Average 

Group Diet initial final total Sherman Sur- 

supplement weight weight gain units vived 
gma. gma. gms, per doz. 

II 2 gms. apple 98 152 54 34 all 

III 4 gms. apple 90 162 72 22.5 all 

IV 6 gms. apple 88 177 89 18.5 all 























Another point worthy of consideration in establishing vitamin-A 
potency by the Sherman method is that concerned with selection of 
the proper group for weight determinations. In general weight incre- 
ments improve as the amount of vitamin A in the diet increases. Soon, 
however, an amount of vitamin A is reached where it is no longer 
possible to demonstrate added weight gains. Such a situation is illus- 
trated in Table 3. Since it is not possible for weight gains to remain 
proportional to increases in vitamin-A supplements, it becomes neces- 
sary to choose that group receiving the smallest supplement in which 
no deaths occurred. Group II represents such a group. 
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Group Diet anieek” 
supplement weight 
gms, gms, 
Arkansas 
Black 
I 0.5 110 
II 1.0 114 
III 2.0 112 
IV 4.0 108.5 
Baldwin 
I 0.5 104.5 
II 1.0 96.0 
III 2.0 84.0 
IV 4.0 91.0 
Vv 8.0 | 67.0 
Delicious 
I 0.5 82.0 
II 1.0 100.0 
III 2.0 90.0 
IV 4.0 | 112.0 
Gravenstein 
I 0.5 82.0 
II 1.0 80.0 
III 2.0 {| 85.0 
IV 4.0 99.0 
Vv 6.00 80.0 
Jonathan 
I 0.5 49.0 
II 1.0 61.0 
III 2.0 52.0 
IV 4.0 57.0 
V 6.0 68.0 
Spitzenberg 
I 0.5 97.0 
II 1.0 88.0 
IIT 2.0 98.0 
IV 4.0 90.0 
V 6.0 88.0 
Winesap 
I 0.5 64.0 
II 1.0 73.0 
III 2.0 69.0 
IV 4.0 78.0 











Average 
final 
weight 


gms. 


216.0 








Average | 


total 
gain 


gms, 











93.0 
148.0 


Vitamin- 


A units 


per oz. 


(transferred to Group V) 


152.0 
162.0 
177.0 


54.0 | 
72.0 | 
89.0 


34.0 


22.5 


18.5 








Depletion 
period 


days 


40 
40 
40 
40 


30 
30 
35 
35 
24 


to 0 bb to 


40 
40 
40 


39 


39 
39 





| 














Remarks 


3 died 
2 died 
all lived 
all lived 


1 died 


| 1 died 





all died 
2 died 
all lived 


all died 
1 died 
1 died 
all lived 


all died 


1 died 
all lived 
all lived 


all died 
all died 
1 died 

all lived 
all lived 


all died 


all lived 
all lived 
all lived 


1 died 
1 died 
all lived 
all lived 
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The formula for determining the Sherman units is: 


average weight gain y 30 
24 weight of supplement added 








Sometimes it happens that a group survives the experimental period 
but is obviously in very poor condition owing, usually, to residual 
effects of the rigors of the depletion period. This complicates the 
caleulation since, under such circumstances, growth cannot be maxi- 
mum with the quota added. Such considerations as these along with 
those advanced by Orr and Richards (1934) have convinced us of 
the advisability of using another method for vitamin-A assay. To 
this end we proposed the method outlined in our first report. It is 
based on determining by autopsy that group receiving the least 
amount of supplement which showed no signs of vitamin-A deficiency. 
By a series of parallel tests we assigned a value of 2.4 Sherman units 
to the minimal protective dose. In the above illustration (Table 3) 
the group receiving the two-gram supplement was also the group 
which received the smallest quota without showing any signs of 
vitamin-A deficiency. On this basis the vitamin-A potency of the sup- 
plement amounts to 36 units (30/2 « 2.4). There is, therefore, good 
uniformity in these two methods. A more precise determination of 
the M.P.D. (minimal protective dose) in terms of International Units 
is now being earried on with Reference Cod Liver Oil. The advantage 
of the ‘‘M. P. D. method’’ is that weight gains are not essential to 
the caleulation. The selection of the crucial group is made on the 
basis of the more precise and easily obtained autopsy data. 

Essential data for the estimation of the vitamin-A units of the 
various kinds of apples by the Sherman growth-gain method are given 
in Table 4. 

The pathological data upon which is based the author’s method 
for determining vitamin-A potency is shown in Table 5. Ref- 
erence to Table 5 shows that for Arkansas Black, the group get- 
ting two grams of apple daily was completely protected from the 
effects of a vitamin-A deficiency. Fifteeen (30/2) multiplied by 2.4 
(the M.P.D. in Sherman units) gives a vitamin-A potency of 36 units. 
Data in Table 4 set the value at 39.7 units. The lower figure was 
decided on as the more conservative value. The fact that the 
vitamin-A tests were carried on during the latter part of the period 
in which this variety is in its optimal condition might constitute some 
justification for believing this value too low. 

The Baldwin apple is a late winter apple and is supposed to be 
in good condition until as late as June. It will be noted that the 
first four groups of animals receiving different quotas of apple were 
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fed through the period between April 23 and June 18. Early in May 
it was observed that none of the groups was likely to survive the 
experimental period. For this reason another group of animals was 
obtained as soon as possible. However, it was June 26 before this 
new group was started and it was not until August 27 that the feed- 
ing was completed. This carried the test well past the optimal period 
for this variety. The results, therefore, may be a little low. In view 
of some of the other results, we doubt if the prolonged storage had 
much effect on the results obtained. The autopsy findings show that 
somewhere between four and eight grams will be found the M.P.D. 
We are disposed to favor five grams as the proper amount. This will 
provide a value of 14.4 units. Fifteen units were obtained by the 
growth method. The value was therefore set at 15 units. 

The Delicious was one of the varieties in which the test was 
repeated in order to determine the effect of including the peel. In 
the first test the apple was fed after being peeled. In this condition 
the vitamin-A potency obtained was 24 units. During this first test 
the apple was fed well after the period of optimum condition. In the 
second test the peel was left on the apple and the feeding period 
coincided with the time of prime condition. The M.P.D. was found to 
be three grams, which provides for a potency of 24 units. Twenty- 
four units was also obtained by the growth method. It is interesting 
to note that neither the presence of the peel nor the difference in stor- 
age time exerted any influence on the vitamin-A potency of this 
variety of apple. 

None of the groups receiving the Gravenstein as a supplement 
was completely protected from the effects of a deficiency of vitamin A. 
It is quite probable, however, that a five-gram supplement would have 
been sufficient. This would provide a potency of 14.4 units. The 
growth method assigned a value of 17 units. The true value would 
seem to lie somewhere between 14 and 17 units. 

Manville, MeMinis, and Chuinard (1934) have assigned to the 
Jonathan a vitamin-A potency of 7.0 units. Three grams of this apple 
is very close to the M.P.D. (24 units). By the growth method a value 
of 29.0 units was obtained. The four-gram supplement gave prae- 
tically complete protection (18 units). An intermediate point between 
the two extremes (18 and 29) would place the figure at 24. It should 
be noted that the Jonathan was fed over a period considerably later 
than that considered optimal for this variety. 

Reference to Table 5 shows that for the Spitzenberg two grams 
was the mimimal protective dose. This provides a vitamin-A potency 
of 36 units. Thirty-four units may be derived from the data in Table 4. 
For this variety, therefore, the amount of vitamin A per ounce would 


















I. A. MANVILLE, A. S. MC MINIS, AND F. G. CHUINARD 


seem to lie between 34 and 36 units. The period of testing extended 
over the time that is considered optimal for this apple. 

The Winesap is the second of the two varieties in which the test 
was repeated. During the first test the Winesap was fed from May 5 
to August 19. In the second test it was fed from June 23 to August 
18. As this variety of apple is in its best condition from December 
until June, it will be seen that the period of first feeding was better 
than the second. Nevertheless, the second test indicated a higher 
vitamin-A potency. Reéxamination of the pathological data of the 
animals on the first test will reveal the fact that two grams gave 
almost complete protection from vitamin-A deficiency. This would 
indicate a value of 36 units. In view of the growth gains, however, it 
was decided to place the potency at 24 units. We are at a loss to 
account for the establishment of a higher potency (36 units) in the 
same variety of apple when fed after the period of optimum condi- 
tion. For this reason we are reluctant to depart from the original 
value. At any rate it is clear that with a value of at least 24 units. 
the potency of the Winesap has not been reduced by prolonging the 
period of storage or by removing the skin. Our experiences with this 
variety as well as with the Delicious seem to establish the fact that 
vitamin A as found in the apple suffers little, if any, deterioration as 
a result of prolonged storage. 

Vitamin-B (complex) tests were made with the Delicious, Graven- 
stein, and Spitzenberg. After the growth curves of the experimental 
animals had flattened out, 10 grams of apple were added to the diet. 
Over a period of 30 days the following average growth gains were 
made: Delicious, 17 grams; Gravenstein, 4 grams; and Spitzenberg, 
18 grams. These gains, however, were not sustained, for all the ani- 
mals died in the following 40 days. Our former conclusion that apples 
cannot be considered as good sources of the B-complex is thus 
sustained. 

Table 6 gives the data upon which the units of vitamin C are 
based. It will be noted that complete protection against the develop- 
ment of scurvy was not provided by any of the levels at which the 
Arkansas Black was fed. Only two animals survived, one which 
received a supplement of nine grams and one which received 12 
grams. Neither one gained over 21 per cent of his original weight. A 
level of 15 grams might have proved sufficiently high to have afforded 
protection and to have provided for a good gain in weight. The units 
of vitamin C, therefore, are not over 2.5 units and probably nearer 
2.0 units. 

A supplement of nine grams of Baldwin completely protected one 
animal and allowed only a mild seurvy to develop in the other. The 
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TABLE 6 











Amount 


Weight 











Days | 














Guinea aie 
Group pig supplement | change on exp.| Autopsy score Units 
gms. | pet. 
Arkansas Black 
I 1 : 30 lost 84 ++ seurvy 
2 3 4.2 gained 90 + scurvy 
3 3 45 lost 49 +++ scurvy 
II 4 6 37 lost 64 ++ scurvy 
§ 6 32 lost 32 ++ seurvy 
6 6 31 gained 68 ++ seurvy 
III 7 9 14 gained 90 trace scurvy 
8 9 12 gained 90 Normal 
9 9 41 lost 73 ++ scurvy 
IV 10 12 46 lost 33 + seurvy Less than 2.5 
11 2 21 gained 90 Normal 
12 12 31 lost 71 ++ seurvy 
Baldwin 
Vi 1 3 9.7 lost 90 ++ seurvy 
14 3 53 lost 54 ++ seurvy 
15 3 5.2 lost 90 + scurvy 
VI 16 6 9 lost 61 + seurvy 
17 6 29 gained 80 Normal * 
18 6 1 lost 19 +++ seurvy 
VII 19 9 94 gained 90 Normal 
20 9 7.3 lost 20 Pneumonia 
21 9 37 lost 46 + seurvy 
VIII 22 12 41 gained 90 Normal 2.5-3.0 
23 12 91 gained 90 Normal 
24 12 61 gained 90 Normal 
Delicious 
IX'| 25 2 27 lost 57 | +++7+ seurvy 
26 2 30 lost 29 ++ scurvy 
27 2 29 lost 25 ++ seurvy 
X?} 28 3 28 lost 38 | ++++ scurvy 
29 3 40 lost 29 Pneumonia 
30 3 36 lost 50 ++ scurvy 
XI 31 6 35 lost 83 ++ seurvy 
32 6 30 lost 69 +++ seurvy 
33 6 18 lost 90 ++ scurvy 
XII 34 10 56 gained 90 + seurvy Less than 3.0 
35 10 38 lost 53 +++ seurvy 
36 10 35 lost 60 ++ seurvy 
37 10 68 gained 90 trace scurvy 
Gravenstein 
XIII 38 2 20 lost 2s ++ seurvy 
| 39 2 32 lost 20 +++ seurvy 
; 40 2 45 lost 42 ++ seurvy 
| 
XIV*| 41 3 68 gained 90 Normal 
42 3 45 gained 90 Normal 
| 43 3 40 gained 90 Normal 








1 Group IX on 
*Group X after first 25 days fed 
* Group XIV after first 30 days fed 8 gms. 


9 


gms. 25 days and 


5 
5 


gms. 


gms. thereafter. 



































































































TABLE 6 (Continued) 
: Guinea Amount Weight ‘| Days = Tai 
Group pig supplement change on exp. Autopsy score Units 
gms. pet. 
XV‘ 44 6 24 gained 90 + seurvy 
45 6 90 gained 90 Normal 
46 6 44 gained 90 Normal 
XVI} 47 10 59 gained 90 Normal 3.75 
48 10 103 gained 90 Normal 
49 10 44 gained 90 Normal 
Jonathan 
XVII} 50 10 15 gained 90 ++ scurvy 
51 10 23 lost 77 +++ seurvy 
52 10 34 lost 70 | ++++4 seurvy 
XVIII| 53 15 30 gained 90 +++ seurvy 
54 15 24 lost 23 ++ seurvy 
55 15 32 gained 67+| Normal * 
56 15 9 gained 90 trace scurvy 
57 15 1 gained 48+ + seurvy 
XIX 58 16 10 gained 82+ trace scurvy 
59 16 25 gained 77+ + seurvy 
60 16 21 gained w+ trace scurvy 
XX 61 20 90 gained 90 Normal 1.5-2.0 
62 20 66 gained 90 Normal 
63 20 26 gained 90 + seurvy 
Spitzenberg 
Ex] 64 2 15 lost 90 ++ seurvy 
65 2 18 lost 9 Pneumonia 
66 2 10 lost 10 Pneumonia 
67 2 5 lost 90 + seurvy 
XXII 68 3 37 gained 90 Normal 
69 3 43 lost 86 + seurvy 
70 3 35 gained 90 + seurvy 
XXIII 71 6 35 lost 9 Pneumonia 
72 6 76 gained 90 Normal 
73 6 63 gained 90 Normal 
74 6 72 gained 90 Normal 
XXIV 75 10 1 lost 90 trace scurvy 
76 10 75 gained 90 Normal 7.0 
77 10 40 lost 36 | Int. hemorrhage 
Winesap 
XXV 78 3 27 lost 44 ++ seurvy 
79 3 22 lost 32 ++ seurvy 
80 3 37 lost 32 + seurvy 
XXVI/ 81 6 0 lost 90 + seurvy 
82 6 15 lost 90 + seurvy 
83 6 3 gained 90 trace scurvy 
XXVII} 84 9 30 lost 8 Pneumonia 
| $5 9 15 lost 41 Pneumonia 
86 9 48 gained 90 + seurvy 
XXVIII} 87 12 22 lost | 33 Pneumonia 2.5 
| 88 12 |105 gained | 90 | Normal 
| 89 12 | 53 gained | 90 | Normal 








* Group XV after first 30 days fed 8 gms. 
* Experiment discontinued. 











VITAMIN STUDIES ON APPLES 135 


group receiving 12 grams were all protected. Ten grams, therefore, 
would seem to lie very close to the M.P.D. This will place the units 
of vitamin C between 2.5 and 3.0. Fellers et a/. (1933) showed that 
the freshly picked Baldwin had a minimal protective dose of four 
grams. They also showed that after nine months of storage the Bald- 
win lost one-third of its potency. In our tests the last feeding of 
Baldwin was late in July, 10 months after the apples had been picked. 
These results showed a marked reduction in vitamin C as a result of 
prolonged storage. 

In the first report of this series we assigned to the Delicious a 
vitamin-C value of 3.0 units. Twelve grams were the least amount 
actually fed which produced marked protection. When the experi- 
ments were repeated and the peel fed with the apple, 10-gram quotas 
were the largest fed. It was found that even with the peel this amount 
was not protective. Furthermore, in the later tests the apple was fed 
in a fresher condition. In spite of these added advantages, the 
vitamin-C potency was found to be less than 3.0 units. Batchelder 
(1934) found the minimal protective dose to be 25 grams, and that 
storage for as long as six months caused no deterioration in the 
vitamin content. Smith and Fellers (1934) found that after two 
months of storage, 20 grams was not fully protective. The vitamin-C 
potency would, therefore, seem to lie between 1.5 and 2.5 units. 


The results with the Gravenstein show that in all probability eight 
grams is very close to the minimal protective dose. Surely if the ani- 
ma!s had received the eight grams for the entire 90 days their weight 
gains would have been even better than they were. The number of 
units of vitamin C in an ounce of Gravenstein apple may be said, 
therefore, to be 3.75 or more. Smith and Fellers (1934) established 
the minimal protective dose for this variety at 11 grams. We are 
inelined to believe this is a little high since the animals getting 10 
grams showed only a trace of scurvy and those receiving six grams 
were given a scurvy rating of 1. 


The Jonathan apple was tested after a long period of storage. 
Twenty grams gave almost complete protection. Only one animal 
showed a slight trace of scurvy. All the animals receiving 16 grams 
showed signs of scurvy 13 days before the completion of the 90-day 
experimental period. It is extremely doubtful that this condition 
would have been corrected in the ensuing 13 days. Fellers found that 
16 grams gave protection if the apple had not been stored over 2.5 
months. Here again one sees the effect of prolonged storage on the 
vitamin-C value. The vitamin-C value of this variety may be put at 
1.5 to 2.0 units per ounce. 
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The difficulty in assigning a vitamin-C value to the Spitzenberg is 
another instance of the wide limits arbitrarily set by the choice of 
levels at which the apple was fed. This variety was fed through the 
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Fig. 1. The shaded areas which give the name of the variety are located in 
those squares corresponding to the months during which this variety is in its 
optimal condition. The remaining areas are so located as to indicate the period 
over which the tests were conducted. 




































peak of its season. Six grams gave very evident protection and pro- 
vided for a gain in weight which averaged 70 per cent. Only one 





animal of the group receiving three grams failed to survive the experi- 
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mental period. It died four days before the termination of the test 
and showed at autopsy slight evidence of scurvy. The average gain 
in weight for the group was 10 per cent. A vitamin-C potency of 10 
units is obviously too high for this variety yet five units, we feel, is 
too low. A conservative intermediate point is seven units. 

The two tests for vitamin C in the Winesap did not vary so much 
from the standpoint of time of storage as was true for the vitamin-A 
tests. In the second of the two tests the peel was fed along with the 
apple. Nevertheless, the same number of units was established (3.0). 
It is evident therefore that careful peeling of the apple does not 
remove an appreciable quantity of the vitamin. 

A survey of Table 7 and Fig. 1 shows that the varities of apples 
possessing the highest number of units of vitamin A and vitamin C 
are in the ‘‘normal storage’’ column. The question arises as to 

















TABLE 7 
id Normal storage Long storage 
Variety Vitamin A Vitamin C Variety Vitamin A | Vitamin C 

Arkansas Black 36.0 2.0 Delicious 24.0 2. 
Baldwin 15.0 2.5-3.0 Jonathan 24.0 1,5-2.0 
Delicious 24.0 3.0 Winesap a 

(or less) 
Gravenstein 14.0-17.0 3.75 || Rome Beauty 12.0 2.5 
Spitzenberg 36.0 7.0 Stayman 17.0 2.5 
Winesap 30.0 2.0-3.0 
Yellow Newtown 34.0 6.0 




















,? 


whether or not the values in the ‘‘long storage’’ column would not 
be higher if the fruit were tested in a fresher condition. There is, 
no doubt, a tendeney for vitamin values to decline as the period of 
storage increases. This was shown in the work done in this laboratory 
on pears (1934). This tendency is not so pronounced in apples. 

Not only did the Delicious show no variation due to storage but 
the Rome Beauty, Stayman, and Jonathan (long storage) are matched 
in values by the Gravenstein, Baldwin, and Delicious (normal stor- 
age). There is little reason to believe there is much deterioration in 
vitamin A in the apple as a result of long storage although there 
appears to be good reason for believing some destruction of vitamin 
C oceurs. 

It was stated in the first publication of this series that ‘‘the vita- 
mins A and C content of apples are more closely correlated with 
gene activity than with chromosome number; that the factors respon- 
sible for these vitamins appear to be separate series of duplicate 


genes whose inheritance is unknown. These genes apparently work 
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values than diploids. 


138 I. A. MANVILLE, A. S. MC MINIS, AND F. G. CHUINARD 
















cumulatively since there is a tendency for triploids to show higher 
In the first series of tests no determinations 
of the vitamin-A content of triploid varieties were included in the 
tests reported herein. An arrangement of the vitamin values accord- 
ing to potency and to chromosome number will be found in Table 8. 
From this table it will be observed that diploid varieties provide val- 
ues as high and as low in both vitamins as do the triploid. There 
seems to be no tendency for the C values to be high when the A 
values are. The evidence in this table does not supply convincing 
proof that the vitamin content is connected with the chromosome 

















































TABLE 8 
Diploid Triploid 

Variety Vitamin A} Vitamin C Variety Vitamin A | Vitamin C 
Spitzenberg 34-36 7.0 ||Arkansas Black 36 2.0 
Yellow Newton 34 6.0 ||Gravenstein 14-17 3.75 
Winesap 26-36 2.0-3.0 ||Baldwin 15 2.5- 3.0 
MeIntosh 33 1.0 ||Belle de Boskoop ° 6.0-10.0 
Golden Delicious 30 2.0-2.5  ||Bramley’s Seedling . 6.0-10.0 
Delicious 24 2.0-3.0 |/Gennet Moyle ° 3.0- 6.0 
Jonathan 24 1,5-2.0 || Reinette du Canada ” 3.0 
Stayman 17 2.5 ||/Blenheim Orange si 1.5- 3.0 
Starking 16 * ||Ribston Pippin ss 1.5- 3.0 
Rome Beauty 12 2.5 ||Warner’s King ° 1.5- 3.0 
Lane’s Prince Albert wi 3.0 
Newtown Wonder ? 3.0 
Cox’s Orange Pippin * 1.5 
King Edward . 15 | 
Worcester Pearmain | i 1.5 | 





* Vitamin value undetermined. 
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present in varieties of apples. 


a decisive role in determining vitamin content. 














number. Smith and Fellers (1934) concluded from their study that 
‘chromosome number has little if anything to do with the vitamin C 
The findings of Sansome and Zilva 
(1933) do not preclude the possibility that genetie factors may play 


Their work with 


tetraploid and diploid tomatoes shows a higher vitamin content in the 
former variety of nearly twice the value of the latter. On the other 
hand they state that a wild variety of tomato (diploid) has a higher 
vitamin-C value than any tetraploid variety so far investigated, and 
that this must indicate gene activity rather than the numerical influ- 
ence of chromosomes. It is interesting to note that the production of 
vitamin A as well as of vitamin C in fruit is apparently controlled 
by similar mechanisms. Aamodt (1935) has shown that there are 
three hereditary ‘‘Y’’ factors that produce yellowness in grain. While 
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it is generally true that vitamin-A potency is parallel to the yellow- 
ness of a food produet, it does not always prove to be the case. 
Neither are the precursors of vitamin A rigidly limited to beta- 
carotene. These considerations simply add to the complexity of the 
study of vitamin-A production. The fact that some species of animals 
are capable of synthesizing vitamin C while others cannot, would 
seem to be justification for classifying them in the same manner as 
fruits as sources of this vitamin. Available evidence does not provide 
such a clear cut distinetion in regard to vitamin A. The evidence in 
this paper does not furnish sufficient additional evidence to warrant 
changing the conclusions made in the first report of this series. 


CONCLUSIONS 


1. The vitamin-A value of the Arkansas Black apple is 36 units 
per ounce; Baldwin, 15; Delicious, 24; Gravenstein, from 14 to 17 
units; Jonathan, 24; Spitzenberg, 36; and Winesap, 36. 

2. Results obtained with the Delicious, Gravenstein, and Spitzen- 
berg do not indicate that the apple is a good source of the vitamin 
B-complex. 

3. The vitamin-C value of the Arkansas Black is less than 2./ 
units per ounce; Baldwin, 2.5 to 3.0 units; Delicious, less than 2 
units; Gravenstein, 3.75 units; Jonathan, 1.5 to 2.0 units; Spitzen- 
berg, 7 units; and Winesap, 3.0 units. 

4. Prolonged storage causes less destruction of vitamin A than of 
vitamin C. The amount of vitamin-C destruction varies with the kind 
of apple, being less stable in the Jonathan than in the Delicious. 

5. Careful removal of the peel does not result in a marked decrease 
in the amount of vitamin C. 

6. Further data are presented to substantiate the statement that 
the vitamin-A and vitamin-C values are associated with gene activity 
rather than chromosome number. 

7. A new method for the determination of vitamin A is proposed. 


ou 
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CHARTS FOR DETERMINING PH VALUES WHEN USING 
THE QUINHYDRONE AND HYDROGEN ELECTRODES 
AND SATURATED CALOMEL CELL* 
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Winter Haven, Florida 


(Received for Publication, Feb. 28, 1936) 


The accompanying charts have been found convenient in rapidly 
determining pH values to an accuracy of + .05 pH when using a 
quinhydrone or hydrogen electrode and saturated calomel cell. 


QUINHYDRONE ELECTRODE 
The chart for the quinhydrone electrode has been constructed by 
plotting the pH values on the left ordinate, against the corresponding 
potentiometer reading on the abscissa using the formula: 


pH = 17.203 (0.4533 + V) (1) 
Where V = Potentiometer reading at 20°C. (68° F.) 


The left ordinate is divided to include pH 1.00 and pH 7.00, the 
smallest division being equal to 0.1 pH. The abscissal axis is gradu- 
ated to include the potentiometer readings corresponding to the above 
pH values shown. Each of the smaller divisions represents 0.005 
volts. The line AB thus represents pH and potentiometer readings at 
20° C. (68° F.). 

The corrections for the potentiometer readings are placed on the 
right ordinate, each of small divisions represents 0.0005 volts. 

The temperature correction lines XC, XD, XE, XF and XG rep- 
resenting the temperatures 16, 20, 24, 28, and 32° C. (60.8, 68, 75.2, 
82.4, and 89.6° F.) respectively, are plotted by assuming any po- 
tentiometer reading at one of these temperatures, and then obtaining 
the correction by using the formula: 


__(t—t,) (V + 0.44744) (IT) 
_ 273.1 +t, 





C 


Where C = Correction 
V = Potentiometer reading in volts. 
t = 20° C. (68° F.). 
t, = Temperature in degrees centigrade which is 
assumed with potentiometer reading. 


* Food Research Division Contribution No. 280. 
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The value found for C is then plotted against the assumed poten- 
tiometer reading, thus locating one point on the temperature correc- 
tion line. By assuming a correction of zero and ealeulating back it is 
found that —0.44744 volts corresponds to this correction. Thus a com- 
mon origin for all of the temperature correction lines is found at point 


CHART FOR DETERMINING THE 
pH OF SOLUTIONS USING A 

QUINHYDRONE ELECTRODE AND 
A SATURATED CALOMEL CELL 


HYDROGEN ION CONCENTRATION ph 


TEMPERATURE CORRECTION IN VOLTS 


POTENTIOMETER READING IN VOLTS 


TABLE 1 


Points Used in Constructing Chart for Quinhydrone Electrode 











Point Volts 


PH 





—().4010 
—0.0580 
—0.4474 


0.9 
6.8 


0.0062 


C. (60.8° F.) 0 
C. (64.4° F.) 0 0.0031 
Cc. (68° F.) 0 

C. (71.6° F.) —0.0030 
Cc, ak FF.) —0.0060 
. (768° F.) —0.0090 
. (82.4° F.) —0.0119 
| oe Be) —0.0148 
. (89.6° F.) —0.0176 
.. (98.2" ¥.) —0.0204 


’ 


( 
( 
( 
( 
( 





* C represents reading on the right ordinate. 


X (i.e. 0.000 on the right ordinate and —0.44744 volts on the abseis- 
sal axis. At this point the correction at all temperatures is 0.0 and 
the lines XC, XD, XE, XF and XG, which represent the tempera- 
tures 16, 20, 24, 28, and 32° C. (60.8, 68, 75.2, 82.4, and 89.6° F.) 
respectively, are drawn by locating one point, other than X, at each of 
the above-mentioned temperatures then drawing the line through the 
two points. 
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Example: To draw the line XF, assuming a potentiometer reading 
for convenience of 0.000 volts, and a temperature of 28° C, (82.4° F.). 

By substituting in formula II the values V = .000, t = 20° C. 
(68° F.) t,==28° C. (82.4° F.), we find that C —=—0.0119, and 
since we have already assumed the voltage of 0.000 we have located one 
point (other than X, the common origin of all lines) for XF and thus 
have sufficient data to draw this line. 

The location of sufficient points at intervals of 2° C. (3.6° F.) is 
given in Table 1 so that the reader may construct his own chart. 

The following example will illustrate the use of the chart. Let us 
assume we have a solution which has a potentiometer reading of 
—0.247 volts at 24° C. (75.2° F.). The voltage —0.247 is read from 
the abscissal axis, and the point is noted where it intersects the tem- 
perature correction line 24° C. (75.2° F.). This point is then read on 
the right ordinate and is found to be nearest —0.003. This figure is 
algebraically added to the voltage (—0.247 — 0.003) giving —0.250. 
The corrected potentiometer reading —0.250 is again located on the 
abscissal axis and the point noted where it intersects the line AB. 
This is found to correspond to pH of 3.50 on the left ordinate. 


CHART FOR DETERMINING THE 
pH OF SOLUTIONS USING A 
HYDROGEN ELECTRODE AND A 
SATURATED CALOMEL CELL 


HYDROGEN ION CONCENTRATION (pr) 


TEMPERATURE CORRECTION IN VOLTS 


POTENTIOMETER READING IN VOLTS 


CHART FOR HYDROGEN ELECTRODE 
A chart for the hydrogen electrode and saturated calomel cell can 
be constructed in the same manner as the chart for the quinhydrone 
electrode by substituting for formulas I and II the following: 


I pH = (V —0.2496) 17.203 
Where V = Potentiometer reading at 20° C. (68° F.). 
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I C= (t—+t,) ——) 
273.1 + t, 
Where C = Correction in volts 
V = Potentiometer reading in volts. 
t= 20° C. (68° F.). 
t, = Temperature in degrees centigrade which is 
assumed with the potentiometer reading. 


The point on the hydrogen electrode chart corresponding to the 
point X on the quinhydrone chart falls at a potential of 0.4723 volts. 
In applying the corrections all corrections for potentiometer readings 


TABLE 2 


Points Used in Constructing Chart for Hydrogen Electrode 











Point Volts PH C* 
A 0.4007 2.60 
B 0.7901 9.30 
X 0.4723 0 
16° C. (60.8° F.) 0.800 0.0045 
18° C. (64.4° F.) 0.800 0.0022 
20° C. (68° F.) 0.800 0 
22” C. (7k F.) 0.800 —0.0022 
se" C. (752° F.) 0.800 —0.0044 
26° ©. (78.8° F.) 0.800 —0.0066 
8° ©. (884° PF.) 0.800 —0.0087 
Ss Cc. ie FP.) 0.800 —0.0108 
S2° C.. (908° F.) 0.800 —0.0129 
36° C. (96.8° F.) 0.800 —0.0149 





* C represents reading on the right o dinate. 


are added algebraically. For greater accuracy the barometric correc- 
tion should be added or subtracted before applying the temperature 
correction. For ordinary purposes this refinement is not necessary. 

Example: The observed potential is 0.600 at 24° C. (75.2° F.). 
On the chart the correction is —0.002; this is added to 0.600 giving 
0.598 volts which corresponds to a pH value of 6.00. 

The observed potential is 0.400 at 28° C. (82.4° F.). On the chart 
the correction is 0.002. This is added to 0.400 giving 0.402 volts which 
corresponds to a pH value of 2.82. 
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CONTROL OF CONCENTRATION IN THE PRODUCTION 
OF TOMATO PULP AND PASTE 
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The commercial production of tomato paste requires control of 
concentration for the purpose of obtaining a finished produet of uni- 
form and known composition. Knowledge of the solids content of the 
product during preparation not only enables the eanner to meet the 
Federal standards which have been established for the degree of con- 
centration of tomato paste but also prevents costly concentration be- 
yond the desired finishing point guaranteed under contractual agree- 
ment. 

The properties of tomato pulp and paste ranging from 4 per cent 
to 20 per cent total solids content, and in particular the relationship 
between total solids and the refractive index of the serum, have been 
presented in a bulletin on tomato products originally issued and re- 
cently revised by the National Canners Association Research Labora- 
tory. However, since no information was available concerning this 
relationship for tomato pastes containing more than 20 per cent total 
solids because of the difficulty of separating from such heavy pastes 
sufficient clear serum for refractive index measurements, an investi- 
gation conducted in these laboratories has included the study of whole 
tomato pulp and paste in the range of 9 per cent to 37 per cent total 
solids by direct and dilution methods. 

With the information obtained it has been possible to extend the 
method for the determination of total solids in tomato paste, by meas- 
urement of the refractive index of the serum, to the more highly con- 
centrated pastes. A rapid and accurate method for the control of the 
evaporation of these concentrated products has thus been made avail- 
able for the use of the manufacturer. 


EXPERIMENTAL WORK 

Whole tomato pulp of approximately 10 per cent total solids, 
known to have been concentrated from whole tomato stock without 
salt or other added ingredient, was obtained from three of the principal 
tomato producing regions of the United States, namely: the New York, 
Indiana, and California areas. The total solids, total acidities, 
chloride content and the pH values of the three lots (Table 1) were 
determined, 
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Samples of higher concentration were obtained by the separate 
evaporation of the three original lots of pulp. Each lot of pulp was 
mixed in an open, vitreous enamel lined kettle, heated to 71.1° C. 
(160° F.), and a representative sample taken. The various regional 
lots were concentrated separately in a stainless steel, steam-jacketed 
vacuum pan under a pressure of approximately 10 em. of mereury. In 
order to obtain a series of pastes representative of the range of total 
solids content to be studied, samples were taken from the material in 
the vacuum pan at five intervals during the concentrating process. All 
samples were filled into No. 1 sanitary enamel lined cans at 48.9° C. 
(120° F.), the cans closed, processed in boiling water, and water 
cooled. The processes used varied from 20 minues at 100° C. (212° F.) 
for the original pulp samples, to 50 minutes at 100° C. (212° F.) for 
the most concentrated paste samples. 


TABLE 1 
Analysis of Original Lots of Whole Tomato Pulp 











Total solids Chloride pepe pee | a 
Source of pulp oe content by electrometric by hydrogen 
70° C. as NaCl "titration ‘electrode 
Pet. Pet. Pet. 
ROW VOTE ccccccoscece 11.15 0.15 0.77 4.14 
i 9.31 0.09 0.62 4.26 
California. ............ 11.05 0.09 0.55 4.26 





In this manner a total of eighteen samples with different contents 
of tomato solids were obtained for analysis. These samples were then 
subjected to total solids and specific gravity determinations. The re- 
fractive indices of the sera separated from the pulp and paste samples 
by filtration or centrifuging were also determined. From these data 
the total solids-refractive index relation could be determined for the 
range of pulp and paste concentrations studied. 


In addition to the determinations made directly on the whole pulp 
and paste samples, total solids and refractive index determinations 
were made on the samples diluted in the ratio of 1 gram of pulp or 
paste to 2 ml. of distilled water, 25° C. (77° F.). 


Total Solids Determinations 


All total solids determinations were made in flat-bottomed alum- 
inum dishes provided with tightly fitting covers. The samples were 
dried at 70° C. (158° F.) for 30 minutes under a pressure of 30 em. 
of mereury, then for four hours at 70° C. 
of 10 em. of mercury. 


(158° F.) under a pressure 
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Specific Gravity Determinations 
The pyenometer used in the determination of specific gravity of 
the whole pulp or paste was a flat-bottomed, cylindrical pyrex glass 
vessel, 15.2 em. in height, 3.7 em. in diameter, tapered sharply at the 
top to a 1.3 em. opening. This flask of approximately 115 ml. capacity, 
was constructed to withstand centrifuging. The air occluded in the 
tomato pulp or paste was removed by centrifuging the filled pyeno- 


TABLE 2 


Composition of Three Series of Whole Tomato Pulps and Pastes of 
Increasing Total Solids Content 








Samples diluted in ratio 








Refractive Index of 1 gm. paste to 2 ml. distilled 
separated clear liquor water at 25° C. Refractive 

at 20° C. index of filtrate at 20° C. 

* Cc ——. —— ne = 
Total solids 
by drying Specific Immersion Immersion 

Sample in vacuo gravity refractometer Refractive refractometer Refractive 

No. at70°C. . 20° C./20° C. reading index reading index 

Pet. 

Bl 9.31 1.0388 47.57 1.34559 25.04 1.33708 
B2 12.46 1.0522 59.36 1.34997 28.63 1.33844 
B3 13.76 1.0571 64.58 1.35189 30.08 1.33899 
B4 18.44 1.0778 83.91 1.35892 35.81 1.34117 
B5 28.42 1.1235 25.77* 1.37434 47.83 1.34569 
B6 30.43 Ul CU Ct«*«CS 50.54 1.34670 
Gl 11.15 1.0466 54.80 1.34828 27.31 1.33793 
G2 15.50 1.0647 70.86 1.35419 32.12 1.33977 
G3 18.47 1.0780 83.01 1.35859 35.63 1.34110 
x4 22.70 1.0971 102.1 1.36538 40.22 1.34310 
Ha) 36.06 1.1585 69.54* 1.38778 57.62 1.34932 
G6 36.47 1.1603 72.28* 1.38859 58.10 1.34951 
El 11.05 1.0457 53.94 1.34797 27.00 1.33781 
E2 16.06 1.0662 73.55 1.35517 33.81 1.34903 
E3 18.16 1.0749 82.15 1.35828 35.03 1.34087 
E4 19.97 1.0833 88.65 1.36061 37.13 1.34167 
E5 27.91 1.1186 24.26* 1.37386 47.13 1.34542 
E6 36.32 1.1565 72.05* 1.38852 57.46 1.34927 





Source of Pulp: Series B, Indiana; Series G, New York; Series E, California. 
* Immersion refractometer readings marked with an asterisk were determined with an 


index prism having a range of scale (>) of 1.366 — 1.396. 


meter. The light pulps were centrifuged at 2000 r.p.m. for one to 
five minutes. The heavy pulps and pastes were centrifuged at 2000 
r.p.m. for fifteen to thirty minutes. Before weighing, the slightly 
overfilled pyknometer was brought to the desired temperature of 20° 
(. (68° F.), and adjusted to the proper fill by passing a straight edge 
across the opening of the flask so that the level of the product was 
even with the edges of the opening. 

The application of the specific gravity determination as a reliable 
means of estimating the total solids of tomato paste is quite difficult 
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in actual practice, because the removal of the occluded air from a 
product having such high viscosity is a very uncertain operation. 


Determination of Refractive Index of Filtrate from Whole 
Tomato Pulp or Paste 

The index of refraction of the clear liquor decanted from centri- 
fuged pulp or paste was determined with the Abbé and the immer- 
sion type refractometers. The temperature of the refractometers was 
controlled by circulating water at a constant temperature of 20° C, 
(68° F.) through the prisms of the Abbé instrument and the water 
bath used with the immersion refractometer. 

Sufficient clear liquor for refractometer measurements cannot be 
obtained from tomato pastes by filtration because of the high viscosity 
of such material. Some liquor can be separated from whole tomato 
pastes by centrifuging, but with very heavy pastes, which are semi- 
solid in consistency, even this procedure becomes unsatisfactory. After 
diluting the whole pulp or paste in the ratio of 1 gram of pulp or 
paste to 2 ml. of the distilled water at 25° C. (77° F.), a clear 
liquor ean be obtained readily from the diluted sample by ordinary 
filtration. The relationship between the refractive index of the fil- 
trate from such a diluted sample and the total solids of the original 
whole tomato pulp or paste has been determined in this investigation. 


DATA 

The experimental results show no appreciable differences in the 
properties of the pastes prepared from pulps originating in three 
widely separated growing regions of the United States. The analysis 
of the three series of pastes is given in Table 2. 

The relationship between the total solids determined by drying 
whole tomato paste in vaeuo at 70° C. (158° F.), the specifie gravity, 
and the index of refraction of the filtrate at 20° C. (68° F.) for the 
range of 9 per cent to 37 per cent total solids is shown in Table 3. 
These values were taken from curves prepared by plotting the re- 
fractive index and total solids values obtained experimentally. Table 






3 also includes the corresponding refractive index values at 20° C, 









(68° F.) for filtrates obtained from whole tomato paste samples di- 






luted in the ratio of 1 gm. of paste to 2 ml. of distilled water 25° C. 
(oF @.}. 


RAPID DETERMINATION OF 












TOTAL SOLIDS IN HEAVY TOMATO PASTE 






The results of this study indicate that the following method ean be 
used for the rapid determination of the total solids content of heavy 
tomato paste: 






Weigh out 50 gm. of tomato paste to the nearest 0.01 gm. in a wide-mouth 
150 ml. flask fitted with a rubber stopper. 





From a pipette or burette add 100 ml. 
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of distilled water at 25° C. (77° F.), stopper the flask tightly, and shake 
thoroughly. 

Obtain 8 to 10 ml. of clear liquor from the diluted sample by filtering, or by 
centrifuging and drawing off the separated clear liquor. 

Determine the refractive index of this liquor at 20° C. (68° F.) with the 
Abbé refractometer, or, preferably, with the immersion refractometer. If the 
refractive index is determined at a temperature other than 20° C. (68° F.), a 
temperature correction must be applied. Table 4 lists the temperature corrections 
for the immersion refractometer readings of tomato paste filtrates. Table 5 
gives similar values for Abbé refractometer readings. Tables 4 and 5 have been 
taken from the National Canners Association Tomato Products Bulletin 27-L. 

The per cent total solids of the original paste is found by reference to 
Table 3, which shows the relationship between the refractive index at 20° C. 
(68° F.) of the filtrate of such a diluted sample and the per cent total solids present 
in the original tomato paste. 
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TABLE 3 





Total Solids and Specific Gravity of Whole Tomato Paste and Refractive 


Index of Filtrate from Diluted and Undiluted Tomato Paste 








Whole tomato paste 


Filtrate from 


whole tomato paste 





Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. H2O at 25° C. 
dhe 








sili i - A ~ “ =, 
Total solids Specific Immersion Immersion 
in vacuo at gravity refractometer Refractive refractometer Refractive 
70° C. 20° C./20° C. reading 20° C. index 20° C. reading 20°C. index 20° C. 
Pet. 
9.00 1.0374 46.5 1.34520 24.68 1.33693 
9.05 1.0376 46.7 1.34527 24.74 1.33695 
9.10 1.0378 46.9 1.34534 24.79 1.33697 
9.15 1.0381 47.1 1.34540 24.84 1.33699 
9.20 1.0383 47.3 1.34547 24.90 1.33701 
9.25 1.0385 47.4 1.34553 24.95 1.33703 
9.30 1.0387 47.6 1.34560 25.03 1.33706 
9.35 1.0389 47.8 1.34568 25.08 1.33708 
9.40 1.0391 48.0 1.34575 25.13 1.33710 
9.45 1.0393 48.2 1.34582 25.18 1.33712 
9.50 1.0395 48.4 1.34588 25.24 1.33714 
9.55 1.0398 48.5 1.34595 25.29 1.33716 
9.60 1.0400 48.7 1.34602 25.37 1.33719 
9.65 1.0402 48.9 1.34609 25.42 1.33721 
9.70 1.0404 49.1 1.34616 25.47 1.33723 
9.75 1.0406 49.3 1.34622 25.53 1.33725 
9.80 1.0408 49.4 1.34629 25.5 1.33727 
9.85 1.0410 49.6 1.34636 25.63 1.33729 
9.90 1.0412 49.8 1.34642 25.68 1.33731 
9.95 1.0415 50.0 1.34649 25.74 1.33733 
10.00 1.0417 50.2 1.34656 25.81 1.33736 
10.05 1.0419 50.4 1.34663 25.87 1.33738 
10.10 1.0421 50.5 1.34670 25.92 1.33740 
10.15 1.0423 50.7 1.34677 25.97 1.33742 
10.20 1.0425 50.9 1.34684 26.03 1.33744 
10.25 1.0427 §1.1 1.34690 26.08 1.33746 
10.30 1.0429 §1.3 1.34697 26.13 1.33748 
10.35 1.0432 51.5 1.34704 26.21 1.33751 
10.40 1.0434 51.7 1.34711 26.26 1.33753 
10.45 1.0436 41.8 1.34718 26.31 1.33755 
10.50 1.0438 52.0 1.34724 26.37 1.33757 
10.55 1.0440 52.2 1.34732 26.42 1.33759 
10.60 1.0442 52.4 1.34739 26.47 1.33761 
10.65 1.0444 52.6 1.34745 26.53 1.33763 
10.70 1.0446 42.8 1.34752 26.58 1.33765 
10.75 1.0449 53.0 1.34759 26.66 1.33768 
10.80 1.0451 53.1 1.34766 26.71 1.33770 
10.85 1.0453 53.3 1.34773 26.79 1.33772 
10.90 1.0455 53.5 1.34780 26.82 1.33774 
10.95 1.0457 53.7 1.34787 26.87 1.33776 
11.00 1.0459 53.9 1.34794 26.92 1.33778 
11.05 1.0461 54.1 1.34800 27.00 1.33781 
11.10 1.0463 4.2 1.34807 27.05 1.33783 
11.15 1.0466 54.4 1.34814 27.10 1.33785 
11.20 1.0468 54.6 1.34821 27.15 1.33787 
11.25 1.0470 54.8 1.34828 27.20 1.33789 
] 27.26 1.33791 


11.30 


34835 
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TABLE 3 (Continued) 
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Whole tomato paste 


| ey . 
Total solids 
in vacuo at 





ee 





Specific 
gravity 


r Ss 
Immersion 
refractometer 


Filtrate from 
whole tomato paste 
oe ae 


Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. H20 at 25° C. 
baie st 





Refractive 


Immersion 
refractometer 


a 


Refractive 








70° C. 20° C./20° C. reading 20° C. index 20° C. reading 20° C. index 20° C. 
Pet. 

11.35 1.0474 1.34841 27.31 1.33793 
11.40 1.0476 1.34848 27.36 1.33795 
11.45 1.0479 1.34855 27.44 1.33798 
11.50 1.0481 1.34862 27.49 1.33800 
11.55 1.0483 1.34868 27.54 1.33802 
11.60 1.0485 1.34875 27.59 1.33804 
11.65 1.0488 1.34882 27.64 1.33806 
11.70 1.0490 1.34889 27.70 1.33808 
11.75 1.0492 1.34896 27.77 1.33811 
11.80 1.0494 i. 1.34903 27.82 1.33813 
11.85 1.0496 57.0 1.34910 27.87 1.33815 
11.90 1.0499 57.2 1.34916 27.92 1.33817 
11.95 1.0501 57.4 1.34923 27.98 1.33819 
12.00 1.0503 57.6 1.34930 28.03 1.33821 
12.05 1.0505 57.7 1.34937 28.03 1.33823 
12.10 1.0507 57.9 1.34944 28.16 1.33826 
12.15 1.0510 58.1 1.34951 28.21 1.33828 
12.20 1.0512 58.3 1.34958 28.26 1.33830 
12.25 1.0514 58.5 1.34965 28.31 1.33832 
12.30 1.0516 58.7 1.34972 28.39 1.33835 
12.35 1.0518 58.8 1.34978 28.45 1.33837 
12.40 1.0520 59.0 1.34985 28.50 1.33839 
12.45 1.0522 9.2 1.34992 28.55 1.33841 
12.50 1.0524 59.4 1.35000 28.60 1.33843 
12.55 1.0526 59.6 1.35006 28.66 1.33845 
12.60 1.0528 59.8 1.35013 28.74 1.33848 
12.65 1.0531 60.0 1.35020 28.79 1.33850 
12.70 1.0533 60.2 1.35027 28.84 1.33852 
12.75 1.0535 60.3 1.35034 28.89 1.33854 
12.890 1.0537 60.5 1.35040 28.97 1.33857 
12.85 1.0539 60.7 1.35047 29.03 1.33859 
12.90 1.0542 60.9 1.35055 29.08 1.33861 
13.95 1.0544 61.1 1.35062 29.13 1.33863 
13.00 1.0546 61.3 1.35069 29.18 1.33865 
13.05 1.0548 61.5 1.35076 29.24 1.33867 
13.10 1.0550 61.7 1.35083 29.31 1.33870 
13.15 1.0553 61.9 1.35090 29.37 1.33872 
13.20 1.0555 62.1 1.35097 29.42 1.33874 
13.25 1.0557 62.3 1.35104 29.47 1.33876 
13.30 1.0559 62.4 1.35111 29.55 1.33879 
13.35 1.0561 62.6 1.35118 29.60 1.33881 
13.40 1.0563 62.8 1.35125 29.66 1.33883 
13.45 1.0566 63.0 1.35132 29.71 1.33885 
13.50 1.0568 63.2 1.35139 29.79 1.33888 
13.55 1.0570 63.4 1.35146 29.84 1.33890 
13.60 1.0572 63.6 1.35153 29.89 1.33892 
13.65 1.0575 63.8 1.35160 29.95 1.33894 
13.70 1.0577 63.9 1.35167 30.00 1.33896 
13.75 1.0579 1, 30.08 





| 
| 
| 
| 
| 
| 
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L. SIPPLE 















Whole tomato paste 


Filtrate from 
whole tomato paste 


Filirate from whole tomato 

paste diluted in ratio 

1 gm. paste: 2 ml. H.O at 25° C. 
A. 














| 
| 





on meee r s A r =, 

Total solids Specific Immersion Immersion 

in vacuo at gravity refractometer Refractive refractometer Refractive 
70° C. 20° C./20° C. reading 20° C. index 20° C. reading 20° C._ index 20° C. 

Pet. 

13.80 1.0581 64.3 1.35182 30.13 1.33901 
13.85 1.0583 64.5 1.35188 30.18 1.33903 
13.90 1.0586 64.7 1.35195 30.24 1.33905 
13.95 1.0588 64.9 1.35202 30.29 1.33907 
14.00 1.0590 65.1 1.35209 30.37 1.33910 
14.05 1.0592 65.3 1.35217 30.42 1.33912 
14.10 1.0594 65.5 iJ 30.47 1.33914 
14.15 1.0597 65.7 1.3 30.53 1.33916 
14.20 1.0599 65.9 |B: 30.60 1.33919 
14.25 1.0601 66.1 1.3 30.66 1.33921 
14.30 1.0603 66.3 1.3 30.71 1.33923 
14.35 1.0605 66.5 e 30.76 1.33925 
14.40 1.0607 66.7 1.35266 30.81 1.33927 
14.45 1.0610 66.8 1.35273 30.89 1.33930 
14.50 1.0612 67.0 1.35280 30.95 1.33932 
14.55 1.0614 67.2 1.35287 31.00 1.33934 
14.60 1.0616 67.4 1.35295 31.05 1.33936 
14.65 1.0619 67.6 1.35302 31.13 1.33939 
14.70 1.0621 67.8 1.35309 31.18 1.33941 
14.75 1.0623 68.0 1.35316 31.24 1.33943 
14.80 1.0625 68.2 1.35324 31.29 1.33945 
14.85 1.0627 68.4 1.35331 31.34 1.33947 
14.90 1.0630 68.6 1.35338 31.42 1.33950 
14.95 1.0632 68.8 1.35345 31.47 1.33952 
15.00 1.0634 69.0 1.35352 31.53 1.33954 
15.05 1.0636 69.2 1.35360 31.58 1.33956 
15.10 1.0638 69.4 1.35367 31.66 1.33959 
15.15 1.0641 69.6 1.35375 31.71 1.33961 
15.20 1.0643 69.8 1.35382 31.76 1.33963 
15.25 1.0645 70.0 1.35389 31.81 1.33965 
15.30 1.0647 70.2 1.35396 31.89 1.33968 
15.35 1.0649 70.4 1.35403 31.95 1.33970 
15.40 1.0651 70.6 1.35410 32.00 1.33972 
15.45 1.0654 70.8 1.35417 32.05 1.33974 
15.50 1.0656 71.0 1.35425 32.10 1.33976 
15.55 1.0658 wis 1.35433 32.18 1.33979 
15.60 1.0660 71.4 1.35440 32.24 1.33981 
15.65 1.0663 71.6 1.35447 32.29 1.33983 
15.70 1.0665 71.8 1.35454 32.37 1.33986 
15.75 1.0667 72.0 1.35462 32.42 1.33988 
15.80 1.0669 ta8 1.35469 32.47 1.33990 
15.85 1.0671 72.4 1.35476 $2.53 1.33992 
15.90 1.0674 72.6 1.35483 32.60 1.33995 
15.95 1.0676 72.8 1.35490 32.66 1.33997 
16.00 1.0678 73.0 1.35497 32.71 1.33999 
16.05 1.0680 73.2 1.35505 32.76 1.34001 
16.10 1.0682 73.4 1.35512 32.81 1.84003 
16.15 1.0685 73.6 1.35520 32.89 1.34006 
16.20 1.0687 73.8 1.35527 12.95 1 
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Whole tomato paste 





Filtrate from 
whole tomato paste 


Filtrate from whole tomato 


paste diluted in ratio 


1 gm. paste: 2 ml. H,O at 25° C. 
A... 








”  hgepeage ——_r—_—__— eine St Stee A ——- we oS 

Total solids Specific Immersion Immersion 

in vacuo at gravity refractometer Refractive refractometer Refractive 
70° C. 20° C./20° C. reading 20° C. index 20° C. reading 20°C. index 20° C. 
Pet. 
16.25 1.0689 74.0 1.35535 33.00 1.34010 
16.30 1.0691 74.2 1.35542 33.08 1.34013 
16.35 1.0693 74.4 1.35549 33.13 1.34015 
16.40 1.0695 74.6 1.35556 33.18 1.34017 
16.45 1.0698 74.8 1.35564 33.24 1.34019 
16.50 1.0700 75.0 1.35571 33.31 1.34022 
16.55 1.0702 75.2 1.35578 33.37 1.34024 
16.60 1.0704 75.4 1.35585 33.42 1.34026 
16.65 1.0707 75.6 1.35593 33.47 1.34028 
16.70 1.0709 75.8 1.35600 33.55 1.34031 
16.75 1.0711 76.0 1.35607 33.60 1.34033 
16.80 1.0713 76.2 1.35615 33.66 1.34035 
16.85 1.0715 76.4 1.35622 33.71 1.34037 
16.90 1.0718 76.6 1.35629 33.79 1.34040 
16.95 1.0720 76.9 1.35637 33.84 1.34042 
17.00 1.0722 77.1 1.35644 33.89 1.34044 
17.05 1.0724 77.3 1.35652 33.97 1.34047 
17.10 1.0726 77.5 1.35659 34.03 1.34049 
17.15 1.0729 3 Be | 1.35666 34.08 1.34051 
17.20 1.0731 77.9 1.35674 34.13 1.34053 
17.25 1.0733 78.1 1.35681 34.18 1.34055 
17.30 1.0735 78.3 1.35688 34.26 1.34058 
17.35 1.0737 78.5 1.35695 34.31 1.34060 
17.40 1.0739 78.7 1.35703 34.37 1.34062 
17.45 1.0742 78.9 1.35710 34.42 1.34064 
17.50 1.0744 79.1 1.35717 34.50 1.34067 
17.55 1.0746 79.3 1.35726 34.55 1.34069 
17.60 1.0748 79.5 1.35733 34.60 1.34071 
17.65 1.0751 79.7 1.35740 34.66 1.34073 
17.70 1.0753 79.9 1.35747 34.74 1.34076 
17.75 1.0755 80.1 1.35755 34.79 1.34078 
17.80 1.0757 80.3 1.35762 34.84 1.34080 
17.85 1.0759 80.5 1.35770 34.92 1.34083 
17.90 1.0762 80.7 1.35777 34.97 1.34085 
17.95 1.0764 80.9 1.35784 35.03 1.34087 
18.00 1.0766 81.2 1.35792 35.08 1.34089 
18.05 1.0768 81.4 1.35800 35.16 1.34092 
18.10 1.0770 81.6 1.35807 35.21 1.34094 
18.15 1.0773 81.8 1.35814 35.26 1.34096 
18.20 1.0775 82.0 1.35822 35.34 1.34099 
18.25 1.0777 82.2 1.35829 35.40 1.34101 
18.30 1.0779 82.4 1.35837 35.45 1.34103 
18.35 1.0781 82.6 1.35845 35.50 1.34105 
18.40 1.0783 82.8 1.35852 35.58 1.34108 
18.45 1.0786 83.0 1.35859 35.63 1.34110 
18.50 1.0788 83.2 1.35867 35.68 1.34112 
18.55 1.0790 83.5 1.35875 35.74 1.34114 
18.60 1.0792 83.7 1.35882 35.81 1.34117 
18.65 1.0795 83.9 1.35890 35.87 1.34119 
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Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. H2O at 25° C. 
A— _ "ane eg ireatiing — ‘ c A ~~ 
Total solids Specific Immersion Immersion 
in vacuo at gravity refractometer Refractive refractometer Refractive 
70° C. 20° C./20° C. reading 20°C. index 20° C. reading 20° C. index 20° C. 


Filtrate from 


Whole tomato paste whole tomato paste 











Pet. 


18.70 1.0797 84.1 0897 35.92 1.34121 
18.75 1.0799 “ 39905 36.00 1.34124 
1 
] 





18.80 1.0801 84.: 29913 36.05 34126 
18.85 1.0803 84. 35920 36.10 34128 
18.90 0806 84.$ 39927 36.16 
18.95 1.0808 85. 85935 36.24 
19.00 1.0810 85.. 39942 36.29 
19.05 1.0812 5.6 39950 36.34 
19.10 1.0814 a. 39958 36.39 
19.15 1.0817 86. 39966 36.47 
19.20 1.0819 i. 39973 36.53 
19.25 1.0821 86. 39981 36.58 


34130 
34133 
84135 
34137 
34139 
34142 
34144 
34146 


19.35 1.0825 86. 39996 36.71 
19.40 1.0827 .86004 36.76 
19.45 1.0830 87.: 86012 36.84 
19.50 1.0832 87.- .36020 . 36.89 
19.55 1.0834 87. .36028 36.95 
19.60 1.0836 ‘ .36035 37.00 
19.65 1.0839 88. 386042 37.08 
19.70 1.0841 é .36050 37.13 


3415] 
34153 
34156 
34158 
34160 
34162 
34165 
.34167 


] 
] 
] 
] 
] 
1 
] 
] 
19.30 1.0823 j 35989 36.66 1.34149 
1 
] 
] 
1 
] 
1 
1 
1 


19.75 1.0843 .36058 37.19 
19.80 1.0845 .36066 37.27 
19.85 1.0847 .36074 37.32 
19.90 1.0850 86081 37.38 
19.95 1.0852 .36089 37.43 
20.00 1.0854 .36097 37.51 
20.05 1.0856 36104 37.56 
20.10 1.0858 36112 37.65 
20.15 1.0861 .86120 37.70 
20.20 1.0863 36127 37.75 
20.25 1.0865 36135 37.81 
20.30 1.0867 36142 37.86 
20.35 1.0869 36150 37.94 34197 
20.40 1.0871 36158 38.00 34199 


1 
34169 
] 
1 
1 
1 
1 
] 
1 
1 
1 
] 
1 
] 
1 
20.45 1.0874 .36166 38.08 1.34202 
1 
1 
1 
1 
1 
] 
1 
1 
1 
1 
1 
1 
1 


34172 
34174 
.34176 
34178 
34181 
34183 
34186 
.34188 
.34190 
34192 
34194 


20.50 1.0876 36174 38.13 34204 
20.55 1.0878 36181 38.18 34206 
20.60 1.0880 36189 38.24 34208 
20.65 1.0882 .36196 38.31 34211 
20.70 1.0884 .36204 38.37 34213 
20.75 1.0886 36212 38.42 34215 
20.80 1.0888 93. .36220 38.50 34218 
20.85 1.0890 36228 38.55 34220 
20.90 1.0893 36235 38.60 34222 
20.95 1.0895 .36243 38.68 34225 
21.00 1.0897 36251 38.74 34227 
21.05 1.0899 36259 38.79 34229 
21.10 1.0901 .36267 38.87 34232 
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Whole tomato paste 
2 


Filtrate from 


whole tomato paste 


— 


1 gm. paste: 2 ml. H.O at 25 
A. 


Filtrate from whole tomato 
paste diluted in ratio 


a. 





cr 

Total solids 

In vacuo at 
70° C. 


n —? 
Specific 
gravity 
20° C./20° C. 


~~ 


Immersion 


refractometer 


reading 2( 


Refractive 
°C. 


index 20° C, 


r 


Immersion 
refractometer 


reading 20° C. 


ay 


Refractive 
index 20° C. 





Pet. 
21.15 
21.2 
21.25 
21.3 
21.3: 
21. 
21. 
21. 
21.5: 
21, 


21.65 


21.7: 
21. 


21.85 


or 

99 
Sc.le 
or 


B 

22.85 
22.90 
22.95 
23.00 
23.05 
23.10 
23.15 
23.20 
23.25 
23.30 
23.35 
23.40 
23.45 


1.0904 
1.0906 
1.0908 
1.0910 
1.0912 
1.0914 
1.0917 
1.0919 
1.0921 
1.0923 
1.0926 
1.0928 
1.0930 
1.0932 
1.0934 
1.0937 
1.0939 
1.0941 
1.0943 
1.0945 
1.0948 
1.0950 
1.0952 
1.0954 
1.0956 
1.0958 
1.0961 
1.0963 
1.0965 
1.0967 
1.0970 
1.0972 
1.0974 
1.0976 
1.0978 
1.0981 
1.0983 
1.0985 
1.0987 
1.0989 
1.0992 
1.0994 
1.0996 
1.0998 
1.1000 
1.1002 
1.1005 


94.6 
94.9 
95.1 
95.3 
95.5 
95.7 
95.9 
96.2 
96.4 
96.6 
96.8 
97.0 
97.3 
97.! 
97. 
97.5 
98.: 
98, 
98.6 
98. 
99, 
99.: 
99|! 
99, 
99.9 
100.2 
100.4 
100.7 
100.9 
101.1 
101.3 
101.6 
101.8 
102.0 
102.2 
102.4 
102.7 
102.9 
103.1 
103.3 
103.6 
103.8 
104.0 
(*) O38 
0.5 
0.8 
1.0 


36275 
.36283 
.36290 
.36298 
.36306 
36314 
.36321 
.36329 
.36337 
.36345 
36353 
36361 
36369 
.36376 
36384 
.36392 
.36400 
36409 
36416 
36424 
.36432 
.36440 
.36447 
36455 
.36463 
.36471 
.36479 
36487 
36495 
36503 
36510 
36519 
36527 
36535 
36542 
36550 
36558 
36566 
36574 
36582 
.36590 
36598 
36606 
36614 
36622 
.36630 
.36638 


ee ee ee eee ee ee ee ee ee eee ee ee ee ee eee ee 


38.92 
38.97 
39.05 
39.10 
39.16 
39.21 
39.29 
39.34 
39.39 
39.47 
39.53 
39.58 
39.63 
39.71 
39.76 
39.84 
39.89 
39.95 
40.03 
40.08 
40.13 
40.21 
40.26 
40.31 
40.37 
40.45 
40.50 
40.55 
40.63 
40.68 
40.74 
40.79 
40.87 
40.92 
40.97 
41.05 
41.11 
41.16 
41.21 
41.29 
41.35 
41.40 
41.48 
41.54 
41.59 
41.65 
41.73 


34234 
34236 
.34239 
34241 
.34243 
34245 
34248 
.34250 
04252 
34255 
.34257 
34259 
34261 
.34264 
34266 
34269 
34271 
34273 
34276 
.34278 
34280 
.34283 
34285 
.04287 
.34289 
04292 
.34294 
.34296 
34299 
34301 
.34303 
.34305 
.34308 
.34310 
34312 
34315 
34317 
.34319 
34321 
34324 
.34326 
.34328 
34331 
.34333 
.34335 
.34337 
.34340 
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ta inte 
Total solids 
in vacuo at 


Specific 
gravity 
20° C./20° C. 


Whole tomato paste 
NEES Sella 








— — 


Filtrate from 


whole tomato paste 
mente” wsesne 





Immersion 
refractometer 
reading 20° C 


_ Refractive 
index 20° C. 


Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. HeO at 25° C. 
eed 


— vata iad 


Immersion 


refractometer 
reading 20 









Pet. 
23.50 
23.55 
23.60 
23.65 
23.70 
23.75 
23.80 
23.85 
23.90 
23.95 
24.00 
24.05 
24.10 
24.15 
24.20 
24.25 
24.30 
24.35 
24.40 
24.45 
24.50 
24.55 
24.60 
24.65 
24.70 
24.75 
24.80 
24.85 
24.90 
24.95 
25.00 
25.05 
25.10 


25.15 







ot 
on on 
t© bo 
wt S 


~t ~t 
St im im bo bo 


ut 
= =~ 
Oo ot 


oto tots tone 













or 
' 


' wi wo 
NYnNAaAS 
ea co 9 


toto tor roto re 


ie 
] 


] 
a. 
Z. 
] 


i. 
3. 
] 


Bs 
a, 


Z, 
Z. 


] 
1 


] 
] 
1 
] 
] 
] 
1 
1 
] 
] 


] 
: # 
] 


] 
1. 
] 


1 
1 
] 


] 
iF 
] 


] 
] 
] 
] 
] 
te 
] 
] 
] 
] 
1 
] 


1007 
1009 
-1011 
1014 
.1016 
.1018 
1020 
.1022 
1025 
1027 
1029 
.1031 
1033 
1036 
.1038 
.1040 
1042 
.1044 
.1046 
1049 
1051 
1053 
1055 
1058 
.1060 
.1062 
.1064 
1066 
1069 
.1071 
.1073 
1075 
.1077 
.1080 
-1082 
1084 
1086 
.1088 
.1090 
.1092 
-1094 
.1096 
.1098 
1101 

1103 
1105 
.1107 
.1109 
A113 


Smrrs = Me ee 
CNP ON Lib 


~1 bo 


on 


ee: ABAMMMNNT RR www ww? 
SN PNW ONRN ONS SN by ON ip by & a in tt 


“ip bo 


386645 
36653 
36661 


36669 
36677 


.36685 
.36693 
36701 
36709 
.36718 
.36726 
.36734 
306742 
86750 
36758 
36766 
.36774 
.36782 
.36790 
36798 
36806 
36815 
.36824 
.36832 
36839 
.36847 
36855 
.36863 
.36871 
.36879 
.36887 
.36896 
.36904 
.36912 
36920 
.36928 
.86937 
36946 
386953 
36961 
.06970 
36978 
36986 
36995 
.37003 
37011 
.37019 


41.78 
41.86 
41.92 
41.97 
42.03 
42.10 
42.16 
42.21 

42.29 
42.34 
42.39 
42.47 
42.53 
42.58 
42.63 
42.71 
42.76 
42.81 
42.89 
42.95 
43.00 
43.08 
43.13 
43.18 
43.26 
43.31 
43.37 
43.42 
43.50 
43.55 
43.60 
43.66 
43.74 
43.79 
43.84 
43.92 
43.97 
44.03 
44.11 

44.16 
44.21 

44.27 
44.35 
44.40 
44.46 
44.54 
44.59 
44.65 


—— 


Refractive 


C. index 20° C. 


1. 
1.384345 
1.34347 
a; 

1.34351 


] 
] 
] 


34342 


34349 


1.34354 
] 
1.34358 
1. 
1.34363 
34365 
.34368 
.84370 
1.3 
1.34374 
1.i 
1.34379 
h. 
1.34384 
] 
1.34388 
Ie 
1.34393 


34356 


34361 


34372 


34377 


34381 


34386 


34391 


1.34395 
1.34398 
1.34400 
1.34402 
1.34404 
1.34407 
1.34409 
1.34411 
1.34413 
1.34416 
1.34418 
1.34420 
1.3 
] 
] 
] 
] 
] 
] 
] 
] 
] 
] 
1 
] 
] 


34423 


34425 
-34427 
-34430 
.34432 
-04434 
34436 
.34439 
34441 
-34443 
34446 
-34448 
34450 
-34453 
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Whole tomato paste 


f 2 
Total solids 
in vacuo at 


whole tomato paste 


Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. H2O at 25° C. 
A... = 









i ——, 
Specific 
gravity 








Immersion 
refractometer 


Refractive 


ieee | 













70° C, 20° C./20° reading 20° C. index 20° C. 
Pet. 
25.95 .1114 44.78 1.34455 
26.00 1116 44.84 1.34457 
26.05 1118 44.89 1.34459 
26.10 .1120 44.97 1.34462 
26.15 .1123 45.03 1.34464 
26.20 01125 45.08 1.34466 
26.25 1127 45.16 1.34469 
26.30 1129 45.21 1.34471 
26.35 1131 45.27 1.34473 
26.40 .1133 45.32 1.34475 
26.45 .1136 45.40 1.34478 
26.50 .1138 45.46 1.34480 
26.55 .1140 45.51 1.34482 
26.60 .1142 45.58 1.34485 
26.65 1145 45.65 1.34487 
26.70 .1147 45.70 1.34489 
26.75 1149 45.78 1.34492 
26.80 1151 45.84 1.34494 
26.85 1153 45.89 1.34496 
26.90 1156 45.97 1.34499 
26.95 1158 46.03 1.34501 
27.00 .1160 46.08 1.34503 
27.05 .1162 46.14 1.34505 
27.10 .1164 46.21 1.34508 
27.15 .1167 46.29 1.34511 
27.2 .1169 46.35 1.34513 
27.25 1171 46.40 1.34515 
27.3 1173 46.46 1.34517 
27 1175 46.51 1.34519 
27 1177 46.59 1.34522 
27 .1180 46.65 1.34524 
27 .1182 46.70 1.34526 
27.55 .1184 46.78 1.34529 
27.60 .1186 46.84 1.34531 
27.65 .1189 46.89 1.34533 
27.70 1191 46.97 1.34536 
27.75 .1193 47.03 1.34538 
27.80 .1195 47.08 1.34540 
27.85 .1197 47.16 1.34543 
27; .1200 47.21 1.34545 
27.9: .1202 47.26 1.34547 
28.00 .1204 47.34 1.34550 
28.05 1206 47.39 1.34552 
28.10 .1208 4, 47.45 1.34554 
28. 1211 4.6 47.53 1.34557 
28.20 .1213 25.2 47.58 1.34559 
28.2 1215 25.4 47.63 1.34561 
28.30 1217 25.7 47.71 1.34564 
3.0 7 








28.35 


1219 


to t 











1.34566 
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- Filtrate from whole tomato 
whole tomato paste 1 on ceaereae Hu at 25° Cc. 
cr i ———— ~~ oman ay 
Total solids Specific Immersion Immersion 
in vacuo at gravity refractometer Refractive refractometer Refractive 
70° Cc. 20° C./20° C. reading 20° C. index 20° C. reading 20°C. index 20° C. 
Pet. 
28.40 1.1221 26.3 1.37449 47.81 1.34568 
28.45 1.1224 26.5 1.37457 47.89 1.34571 
28.50 1.1226 26.8 1.37465 47.95 1.34573 
28.55 1228 27.0 1.37473 48.00 34575 
28.60 1230 27.3 .37482 48.08 84578 
28.65 1233 27.6 .37490 48.14 .34580 
28.70 1235 27.8 .37498 48.19 .34582 
28.75 1237 28.1 48.27 384585 
28.80 1239 28.4 48.32 34587 
28.85 1241 28.7 48.38 34589 
28.90 1244 28.9 48.46 34592 
28.95 1246 29.8 48.51 234594 
29.00 1248 29. 48.57 34596 
29.05 1250 29. 48.65 34599 
29.10 1252 30. 48.70 34601 
29.15 1255 30.6 48.75 34603 
29.20 1257 30.! d1OBe 48.81 .34605 
29.25 1259 30.! 37992 48.89 .34608 
29.30 1261 31. .37600 48.95 34610 
29.35 1263 31.: 37609 49.03 34613 
29.40 1265 31.6 37617 49.08 34615 
29.45 1268 31.§ .37626 49.16 .34618 
29.50 1270 32.3 37635 49.21 34620 
29.55 272 32. 37644 49.26 34622 
29.60 27% 32. 37652 49.34 34625 
29.65 127: 33. .37660 49.39 34627 
29.70 2 33.3 37669 49.45 34629 
29.75 1279 33.5 37677 49.53 .34632 
29.80 1281 33.8 37686 49.58 34634 
29.85 1283 34.0 .37694 49.63 34636 
29.90 .1286 34.3 .37702 49.71 .34639 
29.95 1288 34.6 37711 49.76 .34641 
30.00 1290 34.8 37719 49.81 .34643 
30.05 1292 35.1 37728 49.89 34646 
30.10 .1294 31737 49.95 -34648 
30.15 1297 37745 50.00 .34650 
30.20 .1299 37754 50.08 34653 
30.25 1301 37763 50.13 34655 
30.30 1303 37771 50.19 .34657 
30.35 1305 37779 50.27 .34660 
30.40 1307 37787 50.32 .34662 
30.45 1310 37796 50.40 34665 
30.50 1312 37805 50.46 .34667 
30.55 1.1314 37813 50.51 1.34669 
30.60 1.1316 .37822 50.59 1.34672 
30.65 1.1319 37830 50.65 1.34674 
37839 50.70 1.34676 
1 
1 


Whole tomato paste 
ie sl 











_ 
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30.70 1.1321 
30.75 1.1323 37847 50.78 .34679 
.34681 


30.80 1.1325 


en ee ee ee ee eee ee Se SS SS SS SS SS - - -  - se 


.37856 50.84 
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Whole tomato paste 
ante 


Filtrate from 


whole tomato paste 
— & 


Filtrate from whole tomato 
paste diluted in ratio 
1 gm. paste: 2 ml. H2O at 25° C. 
» = 





Total solids 
in vacuo at 
70° C. 


Specific . 
gravity 
20° C./20° C. 


ye 
Immersion 

refractometer 

reading 20° C. 


_ Refractive 
index 20° C. 


— 


Immersion 
refractometer 
reading 20° C. 


Refractive 
index 20° C. 





Pet. 
30.85 
30.90 
30.95 
31.00 
31.05 
31.10 
31.15 
31.20 
31.25 
31.30 
31.35 








32.35 
32.40 
32.45 
32.50 
32.55 
32.60 
32.65 
32.70 
32.75 
32.80 
32.85 
32.90 
32.95 
33.00 
33.05 
33.10 
33.15 
33.20 


33.25 





1.1327 
1.1330 
1.1332 
1.1334 
-1336 
.1338 
1341 
.1343 
1345 
1347 
1.1349 
1351 
1354 
1356 
.1358 
.1360 
.1363 
.1365 
.1367 
.1369 
1371 
1374 
1376 
.1378 
1380 
.1382 
1385 
.1387 
.1389 
1391 
.1393 
.1395 
.1398 
.1400 
.1402 
.1404 
.1407 
.1409 
1411 
-1413 
1415 
.1418 
.1420 
.1422 
.1424 
1.1426 
1.1429 
1.1431 
1.1433 


ll ila | lh 


ee ee) 


llatiadtia tian ne eee 


39.5 
39.8 
40.1 
40.3 
40.6 





.37865 
1.37873 
1.37882 
1.37890 
1.37899 
.37908 
.37916 
37925 
.37933 
37941 
.37950 
37958 
37967 
37976 
37985 
37994 
38003 
.38012 
.38020 
.38028 
.38037 
.38046 
38055 
38063 
38072 
38081 
-38090 
38098 
.38107 
38115 
.38124 
38133 
38142 
1.38151 
1.38160 
1.38169 
1.38178 
1.38187 
1.38195 
1.38203 
1.38212 
1.38221 
1.38231 
1.38240 
1.38249 
1.38258 
1.38266 
1.38275 
1.38284 


bel ell el el ol ol oe el oe oe el oe oe ee eee 





50.92 
50.97 
51.03 
51.11 
51.16 
51.22 
51.30 
51.35 
51.43 
51.49 
51.54 
51.62 
51.67 
51.73 
51.81 
51.86 
51.92 
52.00 
52.05 
52.11 
52.19 
52.27 
52.32 


2.38 


| 


Si) 
fo 09 bo bo 
I Ot 

_ 


i) - 
S = 
— a 


SS 1) 


orl 
to to rot 


4] 


65 
.70 
78 
84 
52.92 
52.97 
53.03 
53.11 
53.16 
53.24 
53.30 
53.35 
53.43 
53.49 
53.54 
53.62 
53.67 
53.76 
53.81 
53.86 
53.94 
54.00 


or 





1.34684 
1.34686 
1.34688 
1.34691 
1.34693 
1.34695 
1.34698 
1.34700 
1.34703 
1.34705 
1.34707 
1.34710 
1.34712 
1.34714 
1.34717 
1.34719 
1.34721 
1.34724 
1.34726 
1.34728 
1.34731 
1.34734 
1.34736 
1.34738 
1.34741 
1.34743 
1.34746 
1.34748 
1.34750 
1.34753 
1.34755 
1.34758 
1.34760 
1.34762 
1.34765 
1.34767 
1.34770 
1.34772 
1.34774 
1.34777 
1.34779 
1.34781 
1.34784 
1.34786 
1.34789 
1.34791 
1.34793 
1.34796 
1.34798 
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Filtrate from whole tomato 
Filtrate from paste diluted in ratio 
Whole tomato paste whole tomato paste 1 gm. paste: 2 ml. HzO at 25° C. 
aasoestiile Reanaaens re 











= t . ” 
Total solids Specific Immersion Immersion 
in vacuo at gravity refractometer Refractive refractometer Refractive 
70° C. 20° C./20° C. reading 20° C. index 20° C. reading 20° C. index 20° C. 





Pet. 
33.30 1.1435 53.5 
33.35 .1437 53.8 
33.40 .1439 
33.45 1442 
33.50 .1444 
33.55 1446 
33.60 1448 
33.65 1451 
33.70 -1453 
33.75 .1455 
33.80 1457 
33.85 .1459 
33.90 .1462 
33.95 1464 
34.00 .1466 
34.05 1468 
34.10 .1470 
34.15 .1473 
34.20 1475 
34.25 .1477 
34.30 .1479 
34.35 1481 
34.40 .1483 
34.45 .1486 
34.50 .1488 
34.55 1490 
34.60 .1492 
34.65 1495 
34.70 .1497 
34.75 .1499 
34.80 1501 
34.85 1503 
34.90 1506 
34.95 1508 
35.00 1510 
35.05 1512 
35.10 1514 
35.15 1517 
35.20 1519 
1521 


38293 54.05 
.38302 54.13 
38310 54.19 
38319 54.26 
.38328 54.32 
.38337 54.40 
.38346 54.45 
38354 

38363 

.38372 

.38381 

38390 

.38399 

.38408 

.38417 

38426 

38435 

.38444 

38453 

.38462 

38471 

.38480 

.38489 

.38498 

.38507 

38516 

.38525 

38534 

.38543 

88552 

38561 

.38570 

.38579 

38588 

38597 

38606 

38615 56. 
38624 56.43 
38633 56.49 
.38642 56.54 
38651 56.62 
38660 56.67 
38669 56.73 
38678 56.81 
.38687 56.86 
38696 56.94 
38705 57.00 
38714 

.38723 


.34800 
.34803 
.34805 
34808 
.34810 
.34813 
34815 
.34817 
.34820 
.34822 
34825 
.34827 
34829 
.34831 
.34834 
.34836 
.34839 
.34841 
.34844 
.34846 
.34848 
34851 
34853 
34856 
34858 
34860 
.34863 
34865 
-34867 
.34870 
.34872 
.34874 
.34876 
.34879 
.34881 
.34884 
.34886 
.34889 
34891 
34893 
.34896 
.34898 
34900 
34903 
34905 
34908 
.34910 
34912 
34915 
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Whole tomato paste 


== 


Filtrate from 





— 

Total solids 

in vacuo at 
70° C. 


whole tomato paste 
ee 


Filtrate from whole tomato 


paste diluted in ratio 


1 gm. paste: 2 ml. H2O at 25° C. 
_ A... 





~~ — 
Specific Immersion 
gravity refractometer 
20° C./20° C. reading 20° C. 


Refractive 
index 20° C. 


Immersion 
refractometer 
reading 20° C. 


Refractive 
index 20° C. 








Pet. 


35.75 


9.90 
35.95 
36.00 
36.05 
36.10 
36.15 
36.20 
36.25 
36.30 
36.35 
36.40 
36.45 
36.50 
36.55 
36.60 
36.65 
36.70 
36.75 
36.80 
36.85 
36.90 
36.95 
37.00 








1.1543 68.0 
1.1545 68.3 
1.1547 68.6 
1.1550 68.9 
1.1552 69.2 
1.1554 69.5 
1.1556 69.8 
1.1558 70.1 
1.1561 70.4 
1.1563 70.7 
1.1565 71.0 
1.1567 71.3 
1.1569 71.6 
1.1571 71.9 
1.1574 72.2 
1.1576 72.5 
1.1578 72.8 
1.1580 73.1 
1.1583 73.4 
1.1585 73.7 
1.1587 74.0 
1.1589 74.3 
1.1591 74.6 
1.1594 74.9 
1.1596 75.2 
1 75.5 


.1598 


1.38732 
1.38741 

1.38750 
8759 
.38768 
.38776 
38785 
38795 
38804 
.38813 
38822 
38831 
.38840 
.38849 
28858 
.38867 
38875 
38884 
38893 
38902 
38911 

38920 
38929 
.38938 
.38947 
1.38956 


aul eel eel ol el ol oo ne ee | 


57.19 
24 
a2 
38 
43 
1 
.62 
.67 
.70 
76 


84 


wuuaw 
NNNNNNNNNANANANSA 


oa 


58.08 
58.13 
58.22 
58.27 
58.32 
58.40 
58.46 
58.54 
58.59 
58.65 
58.73 
58.78 


34917 
34919 
.34922 
1.34924 
1.34926 
1.34929 
1.34932 
1.34934 
1.34936 
1.34938 
1.34941 
1.34943 
1.34946 
1.34948 
1.34950 
1.34952 
1.34955 
1.34957 
1.34959 
1.34962 
1.34964 
1.34967 
1.34969 
1.34971 

1.34974 
1.34976 





* NOTE: 


Refractive index greater than 1.36606 were determined with the immersion re- 


fractometer by the use of an index prism having a range of scale ( D> ) of 1.366 to 1.396, 
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TABLE 4 


Correction of Immersion Refractometer Readings of Tomato 
Paste Filtrates to 20° C. (68° F.) 








Temperature 
. 2 


"©. 


15 
16 
17 
17.5 
18 
19 


21 


23 


59.0 
60.8 
62.6 
63.5 
64.4 


Refractometer reading 


40 


50 





SUBTRACT: 





1.19 
0.97 
0.74 
0.62 
0.50 


0.25 


1.26 
1.03 
0.78 
0.66 
0.53 


0.27 





ADD: 





0.26 
0.53 
0.81 
1.09 
1.38 
1.69 
2.00 
2.32 
2.64 
2.97 


0.28 
0.56 
0.85 
1.14 
1.43 
1.75 
2.07 
2.40 
2.73 
3.08 





TABLE 5 


Correction of Abbé Refractometer Readings of Tomato 
Paste Filtrates to 20° C. (68° F.) 








Temperature 


= 


vs 


59.0 


60.8 


62.6 
64.4 
66.2 


Refractometer reading 





1.3400 


1.3500 


1.3600 


1.3700 


1.3800 


1.3900 





SUBTRACT: 





0.0004 
0.0004 
0.0003 
0.0002 
0.0001 


0.0005 
0.0004 
0.0003 
0.0002 
0.0001 


0.0005 
0.0004 
0.0003 
0.0002 
0.0001 


0.0006 
0.0005 
0.0003 
0.0002 
0.0001 


0.0006 
0.0005 
0.0004 
0.0002 
0.0001 


0.0007 
0.0005 
0.0004 
0.0003 
0.0001 








0.0001 
0.0002 
0.0003 
0.0004 
0.0005 
0.0006 
0.0007 
0.0008 
0.0010 
0.0011 


0.0001 
0.0002 
0.0003 
0.0004 
0.0005 
0.9006 
0.0008 
0.0009 
0.0010 
0.0012 





0.0001 
0.0002 
0.0003 
0.0005 
0.0006 
0.0007 
0.0008 
0.0010 
0.0011 
0.0012 


0.0001 
0.0002 
0.0004 
0.0005 
0.0006 
0.0008 
0.0009 
0.0010 
0.0012 
0.0013 


0.0001 
0.0003 
0.0004 
0.0005 
0.0007 
0.0008 
0.0010 
0.0011 
0.0012 
0.0014 


0.0001 
0.0003 
0.0004 
0.0006 
0.0007 
0.0008 
0.0010 
0.0011 
0.0013 
0.0014 

















BACTERICIDAL EFFECTS OF VAPORS 
FROM CRUSHED GARLIC 
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Walker, Lindegren, and Bachmann (1925) showed that the vapor 
of the juice expressed from the succulent scales of the onion contains 
fungicidal substances. Minchin (1927) discussed the therapeutic use 
of garlic, especially with reference to the treatment of tuberculosis, and 
described ease histories which indicated that positive results had been 
obtained. 

EXPERIMENTAL WORK 


Nutrient glycerine agar in petri dishes was treated with the vapors 
of garlic by inverting the dish and placing one gram of garlic (crushed 
in a meat chopper) in the inverted cover of the dish for different 
periods of time. The plates were sealed with electrician’s tape. In the 
first experiment the plates were exposed to the garlic vapor at room 
temperature (Table 1). At the end of the time period, the cover of the 
dish was replaced with a clean top. At no time did the garlic macerate 
touch the agar. After the treatment, suspensions of different bacteria 
were streaked on the surface of the agar, and the plates were incu- 
bated at 37.5° C. (99.5° F.). The growth (Table 1) was compared 
with that on the untreated plates, and this control plate was given 
a score of 4. If the treated plates showed about three-fourths of this 
amount, they were scored 3; if about one-half, they were scored 2; 
if about one-fourth, they were scored 1; if no growth occurred, they 
were scored 0. Each streak was made on a separate petri dish. No 
Bacillus subtilis (spores) grew on any plate treated for four hours or 
more. Serratia marcescens was killed on all plates treated for two 
hours or more; Mycobacterium butyricum and Mycobacterium smeg- 
matis were killed on all plates treated for 32 minutes or more. The two 
acid-fast forms were more susceptible than the non-acid-fast forms. 


The effect of different temperatures on the volatility of the germi- 
cide was determined (Table 2). One group of agar plates was placed 
in the ice box and chilled to about 10° C. (50° F.), the crushed garlic 
was added as before, and the plates were immediately returned to the 
ice box. After the period of treatment had elapsed the plates were 
removed and the tops replaced by clean ones. Bacterial suspension 
were then streaked on the agar and the plates incubated at 37.5° C. 
163 
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(99.5° F.). A seeond group of agar plates was treated with the vapors 
at room temperature and after streaking was incubated with the others 
at 37.5° C. (99.5° F.). A third group of agar plates was placed in the 
incubator and raised to a temperature of 37.5° C. (99.5° F.). One gram 
of crushed garlic was added to each plate, and the plates were imme- 
diately returned to the incubator. After the various periods of treat- 
ment had elapsed the tops were changed, and the plates were streaked 
and incubated at 37.5° C. (99.5° F.). 


TABLE 1 


Amount of Growth on Agar Plates after Exposure to Garlic Vapors 








Time in minutes 240 120 60 32 
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me he Pm O&O 
_ hh PP OO 





At 10° C. (50° F.) the bactericidal substance is not highly volatile, 
but as the temperature increases from 10 to 22° C. (50 to 71.6° F.) 
there is a considerable increase in the amount of volatile bactericidal 
substance given off. As the temperature increases from 22 to 37.5° C. 
(71.6 to 99.5° F.) there is a smaller inerease. 
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The volatile material is bactericidal and not merely bacteriostatic. 
Three days after inoculation, streaks were made from those plates 
which showed no growth after the shortest exposure. No transfers 
grew except in the ease of Bacillus subtilis. In many cases Bacillus 
subtilis grew on transfers from the four-hour plates, but six-hour 
treatment sufficed to kill the spores. 

The garlic macerate gives off bactericidal fumes for an extremely 
long time. One gram of garlic macerate was placed in the cover of 
glycerine agar plates at 37.5° C. (99.5° F.). This same gram of garlic 
was exposed throughout the experiment. The bottom of the dish was 
replaced by an unexposed bottom containing fresh glycerine agar at 
intervals of 2, 2, 2, 21, 18, and 48 hours successively. Each pair of 
agar plates was streaked with Bacillus subtilis and with Serratia 
marcescens upon their removal from the garlic containing petri dish 
top. During the first 45 hours’ exposure the macerate gave off more 
bactericidal substance than during the last 48 hours. At room tempera- 
ture the bactericidal substance is not given off as readily as at incubator 
temperature 37.5° C. (99.5° F.). 

Attempts to produce strains of Bacillus subtilis, Serratia marces- 
cens, Mycobacterium smegmatis, and Escherichia coli resistant to the 
garlic bactericidal substance were not successful. 

The resistance of strains of organisms which had previously been 
exposed to garlic vapors compared with others which had never been 
exposed to garlic vapors is shown in Tables 3 and 4 respectively. 
There is no significant difference. Table 5 shows the resistance of 
strains of organisms transferred from the plates described in Table 3; 
that is, strains which for two culture generations had grown under the 
influence of sublethal doses of garlic. Table 6 shows the resistance of 
strains never exposed to garlic in experiments performed simultane- 
ously with those deseribed in Table 5. There is no significant difference. 

Heated garlic contains no bactericidal substance. Several cloves 
of garlic were placed in an autoclave. When the pressure reached 
22 pounds, the heat was turned off. The garlic was reduced to a paste 
by the heat. Glycerine agar plates were exposed to one gram of the 
garlic paste for periods of time varying from eight minutes to five 
hours. Bacillus subtilis and Serratia marcescens were streaked on the 
treated plates. Exposure as long as five hours showed no effect on 
Bacillus subtilis and only a slight effect on Serratia marcescens. 

Fifty ¢.c. water were added to 50 grams of crushed garlic, and 
the mixture was boiled for 10 minutes and made up to the original 


volume. Two grams of this mixture were used to treat agar plates at 


37.5° C. (99.5° F.) and only a slight bactericidal effect was observed. 
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TABLE 3 
Resistance of Different Cultures 


(Each score indicates average of four determinations.) 








Time in minutes 240 120 60 32 16 





Bacillus 
subtilis 


from 2-hour 
plate (Table 2) 





Serratia 
marcescens 
from 1-hour 
plate (Table 2) 





Mycobacterium 
smegmatis 
from 1-hour 
plate (Table 2) 





Escherischia 
coli 

from 1-hour 
plate (Table 2) 





TABLE 4 
Controls for Experiment in Table 3 Run Simultaneously 


(Each score indicates average of four determinations.) 








Time in minutes 240 126 60 q 16 





Bacillus 

subtilis 0.25 
(no history of 

garlie treatment) 





Serratia 
NLATCESCENS 

(no history of 
garlic treatment) 





Mycobacterium 
smegmatis 

(no history of 
garlic treatment) 





Escherichia 

coli 

(no history of 
garlie treatment) 
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TABLE 5 
Resistance of Different Cultures Grown from Two Previous 
Culture-Generations under Exposure to Garlic 







(Each score indicates average of four determinations.) 


















240 120 60 32 16 8 0 





Time in minutes 












Bacillus 
subtilis 0 0.25 1 1.5 2.75 4 + 
(from 2-hour plate 

of Table 6) 



















Serratia 





marcescens 
(from 1-hour plate 
of Table 6) 













Mycobacterium 
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smegmatis 0 0 0.7: 























(from 32-minute 
plate of Table 6) 





Yscherichia 

coli 0 0 0.7: 
(from 1-hour plate 

of Table 6) 
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TABLE 6 
Control for Effect in Table 5 Run Simultaneously 


(Each score indicates average of four determinations.) 











Time in minutes 240 120 60 32 16 8 0 
Bacillus 
subtilis 0 0.25 1 2.25 3 4 qt 


(no history of 
garlic treatment) 





Serratia 


marcescens 0 0 0.25 0.75 25 3.5 4 
(no history of 

garlie treatment) 

Mycobacterium 

smegmatis 0 0 0.25 0.5 2.25 3.25 4 


(no history of 
garlic treatment) 





Escherichia 
coli 0 0 0.5 1 2.25 4 4 
(no history of 

garlic treatment) 
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SUMMARY 

1. Garlic vapors have an active bactericidal effect. 

2. Mycobacterium butyricum and Mycobacterium smegmatis are 
more susceptible to the bactericidal effect of garlic vapors than 
Escherichia coli, Serratia marcescens, or Bacillus subtilts. 

3. The bactericidal substance is much more volatile at 37.5° C. 
(99.5° F.) than at 10° C. (50° F.). 

4. There was no evidence that resistance of strains of organisms 
to the bactericidal substance could be developed. 


5. Boiled garlic and autoclaved garlic are non-germicidal. 
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Although there is remarkable similarity in circumstances attend- 
ing most outbreaks of botulism, continued recurrence of this theoret- 
ically preventable disease in western United States seems to justify 
efforts to ascertain the sequence of events in each outbreak in order 
to determine, if possible, the causative food and types of organism 
involved and to record them in permanent form. While we have 
examined materials from 13 outbreaks of undoubted botulism in 


TABLE 1 


Recorded Outbreaks of Botulism' in North America, 1932-1935 








Persons 
, Probable 
Place Date In source 

family 





— 





_Pennsylvania* Sept. 1, 1932 5 
California ** Nov. 28, 1932 
Tennessee*** Dee. 24, 1932 
Ontariot Mar.12, 1933 
California ¢ Dee. 27, 1933 8 


H. C. beans 

H. C. figs 

H, C. tomatoes 
H. C. tomatoes 
Soy bean “Natto” 








wu wn ro 09 














*Dicky (1933); **Hall and Scott (1934); ***Olin (1933); *MacKinnon (1933); 
tAnderson (1934). 
1No results of laboratory examinations were recorded in any of the above outbreaks. 


humans and one in fowls during the past four years, only five (Table 1) 
other outbreaks of botulism have apparently been reported for the 
entire North American continent during this period and in none of 
them was the type of toxin recorded. It is possible that there have 
been other outbreaks that have not come to the writer’s attention. 


In previous papers Hall and Gilbert (1929) and Hall (1933) have 
indicated the prevalence of Type A botulism in the Rocky Mountain 
region, its high mortality, common etiologie relation of inadequately 
sterilized home-canned products, responsibility of local health depart- 
ments for investigation and study of these outbreaks, need for more 
accessible supplies of botulinus antitoxin, and necessity for continued 
efforts to educate the public in proper methods of home-canning and 
danger of eating spoiled food. 
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It seems clear that some progress has occurred during the past 
three years in relation to botulism, most notable being greatly im- 
proved cooperation of federal and state agencies and physicians in 
forwarding suspected foods and other available materials for exam- 
ination, thus facilitating early laboratory confirmation of the clinical 
diagnosis. It is also clearly recognized now that such materials will be 
retained by the federal authorities only in those rare cases where 
commercially canned products which might be involved in interstate 
commerce are concerned, otherwise they will be referred to local 
agencies instead of being sent to Washington. The writer wishes to 
express his deep appreciation to Mr. J. E. Kimlel, Director of the 
U.S. Food and Drug Laboratory in Denver, for many such courtesies 
in connection with this study. 


Although intensive study of all epidemics, including botulism, is 
properly a function of state health laboratories, it is still true that 
some of them are not as yet adequately equipped to handle this prob- 
lem, and this study would have been impossible except for the fine 
cooperation of the state health officials of Colorado, Nebraska, New 
Mexico, and Montana. 


Less progress has been made in providing more widely scattered 
and accessible depots of botulinus antitoxin and it seems possible that 
some lives might have been saved if the serum had been more quickly 
secured for prophylactic use. In this connection gratuitous provision 
of airplane service from Denver in several instances by the Denver 
Post deserves commendation for the educational value of attendant 
publicity emphasizing the importance of proper canning methods in 
the home and the avoidance of spoiled food. On the other hand, 
inspection of the names and circumstances of those involved in out- 
breaks of botulism suggests that they frequently belong to groups not 
reached by any kind of educational publicity. It must also be admitted 
that positive evidence does not exist that botulinus antitoxin has any 
therapeutic value whatever in the doses ordinarily employed. 

It is interesting to note, in view of prevalent advice to substitute 
pressure cooking for the common ‘‘cold-pack’’ method of home- 
canning, that two of the outbreaks in this series were ascribed to 
‘*pressure-cooked’’ products. 


It is unfortunate that many of the data concerning the outbreaks 


are incomplete and inadequate for a more satisfactory analysis of such 
problems as the best method of treatment and the effect of botulinus 
antitoxin, and that most of the epidemiological notes must be recorded 


second-hand. 
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OUTBREAK AT GLENWOOD SPRINGS, COLORADO 


The first outbreak in this series occurred in the service of Dr. G. A. 
IHlopkins at Glenwood Springs, who kindly supplied the following 
information and materials. 

Mrs. Victor Cerese an Italian woman, opened a jar of home- 
eanned cauliflower Saturday night, June 4, 1932, and suspecting 
spoilage, tasted a small piece. The jar was then set aside and not used. 
Another jar was opened and partially consumed by the family. Mon- 
day, June 6, Mrs. Cerese complained of great weakness and dimness 
of vision. She was first seen by Dr. Hopkins on June 7, when she was 
extremely weak, nearly blind, and choking. Dr. Hopkins, recognizing 
the symptoms of botulism, gave her 1,000 units of botulism antitoxin, 
mixed Types A and B, but she grew steadily worse and died June 10, 
with respiratory paralysis. No autopsy could be secured. 

No other person and no animals were involved in this outbreak. 
Owing to serious illness and death of the mother and ignorance of 
other members of the family it was impossible to secure any accurate 
information as to the methods used in canning the cauliflower. Two 
jars of the cauliflower, both opened and both spoiled, were obtained 
by Dr. Hopkins. One of them was sent to the United States Food 
and Drug Laboratories in Denver, the other to the writer. The latter 
showed only sarcinae and streptococci, no toxin, and no sporulating 
bacilli; it was doubtless the second jar opened. 

The other jar was tested by Dr. George W. Stiles of the U. 8. 
Bureau of Animal Industry for the U. S. Food and Drug Laboratories, 
and found toxie for guinea pigs. It was then referred to the writer. 
It was a pint Mason jar. The top was bulged upward as if by gas 
pressure and the liquid contests were turbid, gassy, and sour smelling, 
but the cauliflower itself was neither noticably macerated nor dis- 
colored, but practically normal in appearance. 

Tests of the juice for toxicity gave the results noted in Table 2. 
These tests clearly established toxicity of the cauliflower juice as 
between 1,000 and 10,000 guinea pig M.L.D. per e.c. and assigned it 
to Type A. Bacillus botulinus Type A was also recovered in pure 
eulture (No. 5675). 

OUTBREAK AT BLOOMFIELD, NEW MEXICO 

November 5, 1932 an Associated Press dispatch from Aztec, New 
Mexico, mentioned an outbreak of botulism in a family of four at 
Bloomfield, New Mexico, with two already dead and two others ill 
from eating improperly prepared chili peppers. Information and 
materials from this outbreak were supplied by Dr. J. Rosslyn Earp, 
Director of Public Welfare of the Bureau of Public Health at Santa 
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November 6, but died November 7 
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respiratory paralysis, November 4. 


a 








with respiratory paralysis. 


Cases 1 and 2, Izina Hale, female, aged 


TABLE 
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Guinea Pig Tests for Toxicity and Type of Botulinus Toxin in Cauliflower 
Juice in Outbreak of Botulism at Glenwood Springs, Colorado 







Fe, New Mexico, and Dr. Edgar B. Beaver, County Health Officer 
for San Juan County at Aztec, New Mexico. 

The following brief case histories were obtained : 
56, and Vaughan Wiltbank, male, 
aged 23, became ill with symptoms of botulism November 3, and both died with 


Case 3, Zora Hale Wiltbank, female, aged 19, became ill November 4 with 
similar symptoms, was given botulinus antitoxin November 5, and again on 










































Type B “Died overnight. ae 














oie “Marked symptoms 43 


hours. Died 4 days. 








eae “Ma rked symptoms 48 





hours. Recovered. 












































Guinea 
Date pig Weight _ Dose of Antitoxin Result 
number juice in €.c, 
gms. a 
6/11/32 | 1308 500 1.0* lee.TypeA | Died overnight. 
6/11/32 | 1348 | 500 0.1 1 e.c. 
6/14/32 | 1340 | 840 “Died 48 hours. 
6/14/32 | 1345 | 580 0.001 see 
6/14/32 | 1336 | 400 _ 0.0001 a 
6/17/32 | 1343 260 0.01 | lee.TypeA | Lived, 
a | 
6/17/32 | 1325 | 450 0.01 | lee. 


Type B | Died overnight : 





*This dose was doubtless too large for the amount of antitoxin used. 


Case 4, Mike Rheinhart, male, aged about 38, became slightly ill November 5 
with moderate deglutitory impairment and was given botulinus antitoxin the same 
day. He gave a history of having eaten only a small quantity of the suspected chili 
peppers, was never seriously ill, and made a good recovery. 

No record was kept of the types of antitoxin used or the number 
of units and no remnants of the fatal meal were obtainable, but after 
several weeks a partially filled glass jar of home-canned chili peppers 
was found in an arroya near the deserted home where the outbreak 
occurred, and this was suspected of being the remainder of those eaten 
by the victims. This jar was sent to the writer on January 11, 1933. 
It was of unknown make but had a Mason serew top and rubber gas- 
ket. Some of the contents were apparently dried on the outside of the 
rubber gasket; and the top, while tight, did not fit closely onto the 
top of the jar. Most of the juice had escaped, but about five c.c of 
turbid fluid remained. One e.c. of this fluid failed on subcutaneous 
inoculation to have any effect upon a small guinea pig. Cultural tests 
were likewise negative for anaerobic bacilli, including B. botulinus, 
though positive for ‘‘hay’’ bacilli, yeasts, and other aerobic bacteria. 
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At the request of Dr. Beaver the entire specimen was forwarded 
to Dr. K. F. Meyer at the George William Hooper Foundation for 
Medical Research at San Francisco. Dr. Meyer enriched a large spoon- 
ful of the pepper and tomato in a quart jar of beef heart broth and 
recovered Bacillus botulinus Type B. I am indebted to Dr. Meyer for 
a culture of this strain (My No. 6517) which is apparently the first 
Type B strain of B. botulinus to be isolated in connection with an 
outbreak of botulism in the Rocky Mountain states. 

On January 25, Dr. Beaver submitted a second jar of home-canned 
chili peppers which had been found in the deserted home. This jar, 
like the first, was quite decomposed and contained large numbers of 
yeasts and ‘‘hay”’ bacilli but no trace of. botulinus toxin or bacilli. 


OUTBREAK AT MISSOULA, MONTANA 

This outbreak, comprizing three fatal cases, occurred in the family 
of Mr. Everett Smith in January, 1933, and was apparently due to 
eating home-canned beet tops. Data and materials were submitted by 
Mr. Fred Stimpert, Director of the State Hygienie Laboratory at 
Helena. 

Friday evening, January 6, 1933, Mr. Smith, aged 39, prepared 
supper for himself, his son Howard, aged 8, and a daughter, Lois, 
aged 6, Mrs. Smith being away from home helping a sick neighbor. 
Another daughter, Evelyn, aged 12, had already eaten a lunch which 
did not inelude the home-canned beet tops; she did not become ill. 

The supper consisted of meat, potatoes, bread, butter, milk, and 
home-canned beet tops, which were warmed but not thoroughly cooked. 
Mr. Smith failed to note anything unusual about the beet tops, but 
Howard did not like their taste and refused to eat them. Both Mr. 
Smith and Lois ate them. Later that evening Mr. Smith vomited. 
When Mrs. Smith returned home she noticed a bad odor in the remain- 
ing beet tops and threw them into the sewer. 

Saturday morning Lois complained of dizziness but her mother 
ascribed this to the influenza from which she was just recovering. 
The dizziness increased, causing her to fall down several times, and 
the pupils of her eyes were dilated ; she was put to bed. About 6 p. m. 
she fainted upon attempting to go to the bathroom and her mother 
observed that her muscles were all relaxed. However, a physician 
called at that time and not having been told about the beet tops, was 
unable to explain her symptoms except as due to influenza. 

Mr. Smith went to work Saturday morning as an express messen- 
ger but had to return at noon and go to bed on account of nausea 
and dizziness. About nine o’clock Mr. Smith and Lois both developed 
diplopia and became very dizzy. Their tongues seemed thick and they 
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talked with difficulty. Another physician was called ; when he arrived 
Mr. Smith was sitting in a chair by the open door gasping for air. 
While the physician was examining him Lois managed to get to the 
bathroom. Her mother went to see what she was doing and found her 
dead on the floor. An unsuccessful attempt was made to treat her 
with a pulmotor. The second physician was told about the home- 
canned beet tops and this led at once to the diagnosis of food poison- 
ing. A dose of Epsom salts and an enema were administered to Mr. 
Smith. Later he had another enema which caused him to vomit. He 
continued to grow worse, however, during the night, and was taken 
to the hospital Sunday morning. 

At that time he was restless, nauseated, cyanotic, dyspnoeic, and 
apparently strangling upon thick yellow mucus. The mucous mem- 
brane of his throat seemed congested and oedematous, and diplopia 
was marked. A elinieal diagnosis of botulism was thus established and 
an effort was made to secure antitoxin but none was available. One 
thousand e.c. of 10 per cent glucose were administered intraven- 
ously, and several doses of caffeine sodium benzoate and adrenalin 
were given resulting apparently in some improvement, but he died at 
1:25 p. m. Sunday from respiratory failure. 

When the diagnosis of botulism was made the doctor inquired 
about the other members of the family and learned that Howard, who 
was still apparently well, had tasted the beet tops but he denied swal- 
lowing any. He was brought into the hospital, nevertheless, and on 
admission at 9:45 a. m. complained of some dizziness and double 
vision. He was treated similarly to his father but he gradually grew 
worse and died on Monday at 3:13 p. m. from respiratory failure. 

Neither Evelyn nor her mother ever showed any symptoms. Mrs. 
Smith said that the beet tops had been canned in glass Mason jars 
during the preceding summer in a home pressure cooker at 10 pounds 
pressure for 45 minutes. They had been stored in the basement since 
that time. Such a time and temperature for processing greens are 
entirely inadequate. Processing at not less than 15 pounds for 60 
minutes is recommended for pint glass jars; competent authorities do 
not recommend packing greens in quart jars. 

Mr. Stimpert recovered an additional jar of the beet tops from 
the basement and found that small doses of a filtrate of the juice 
killed guinea pigs in about three hours. This sample was submitted 
to the writer. It consisted of home-canned beet tops in a glass 
‘*Ball’’ jar with good rubber and top. The contents were dark green 
in color; there was no evidence of gas production until the cap was 
removed when some internal pressure was revealed. The turbid juice 
was filtered through cotton and injected into guinea pigs in the doses 
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and with the effects noted in Table 3. These tests proved the presence 
of botulinus toxin Type A, ia a concentration of more than 100 
guinea pig M.L.D. per e.c., and B. botulinus Type A (No. 6394) was 
later recovered in pure culture. 

So far as the writer knows, no outbreaks of botulism have pre- 
viously been recorded in connection with any food processed in a home 
pressure cooker. One wonders if the steam was allowed to escape for 
a sufficient length of time to avoid trapping of air which might pre- 
vent the temperature from reaching a point sufficiently high to steri- 
lize, or if the pressure gauge was in good working order. We believe 


TABLE 3 


Guinea Pig Tests for Toxicity and Type of Botulinus Toxin in Beet-Top 
Juice in Outbreak of Botulism at Missoula, Montana 








Guinea | | 
pig Weight | , Dose of | Antitoxin Result 
number | juice in ¢c.c, | 





gms. 
1/23/33 957 250 1.0 0.2 c.c. A Lived. 
(200 units) 
1/23/33 | 960 | 330 — Died overnight — 
972733 +~+| ~~ #2999 «| 200 Died overnight 











2/2/33 =| «1013 275 Symptoms of botulism 
at 24 and 48 hours. 
Died 3 days. 











hours. Recovered. 





~ 2/2/33 | 1002 | 250 0.001 Slight botulism at 48 











272/33 | -1001:~| =200° «| (0.0001 No effect. 





that no reliance can be placed on autoclaves or pressure cookers which 
are not provided with separate pressure gauges and thermometers. 


OUTBREAK OF ‘‘LIMBERNECK’’ IN FOWLS AT LA JARA, COLORADO 

In February, 1933, an outbreak of botulism oceurred among 
domestie fowls belonging to Mrs. J. J. Spencer of La Jara, Colorado. 
This outbreak was also notable for the fact that the home-canned sweet 
corn which was responsible, had been prepared in a pressure cooker 
said to have been operated at 15 pounds pressure for 45 minutes. 
The informatino regarding this outbreak was supplied by Mrs. 
Spencer and her nephew, Mr. George D. Every, a medical student at 
the University of Colorado. ; 

The sweet corn had been cut from the cob during the summer of 
1932, cooked in water, and packed in clean sealded glass jars. The 


lids and rubber rings were also sealded, placed on the jars, and the 
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lids were screwed down tightly. They were then placed in the pressure 
cooker and cooked for 45 minutes under 15 pounds pressure, cooled, 
and placed in the customary pantry. 

When several of the jars were opened in February they smelled 
sour. Five of them were mixed with milk and fed to the fowls about 
8 a. m. By noon many of the chickens were trembling, with their 
heads and wings drooping, or having convulsions. By four o’clock 
75 hens, 6 roosters, and 3 turkeys, comprizing the entire flock, were 
all dead. Fortunately none of the corn was consumed by humans. 

This outbreak was brought to my attention about March 31, 1933, 
when Mr. George Emery secured two unopened pint Mason jars of 
the same lot of home-canned corn from Mrs. Spencer. The contents of 
both jars were gassy, owing in part, perhaps, to shaking in transporta- 
tion. One jar appeared to be quite normal in appearance and odor, 
and the juice was microscopically negative. Tests for botulinus toxin 
and B. botulinus likewise gave negative results, only ‘‘hay’’ bacilli 
appearing in the cultures. The contents of the other jar were almost 
completely macerated. The top was bunging and had been leaking, 
although it was stuck so tightly that the jar was broken in removing 
it. The juice was very turbid and smelled sour; it could not be filtered 
through a Berkefeld filter and only very slowly through a paper filter. 

After several positive preliminary tests for toxin in the corn juice 
a small guinea pig weighing 210 grams was killed with typical symp- 
toms of botulism in about 22 hours after injection of 1 ¢.e. diluted 
1-10,000 indicating a potency of more than 10,000 M.L.D. per ¢.c. The 
toxin was found to belong to Type A and bacilli of the same type 
were later recovered in pure culture (No. 6581). 


OUTBREAK IN MILES CITY, MONTANA 

There was an outbreak of botulism in the Rentz family near Miles 
City, Montana, April 29, 1933, involving three cases with two deaths 
in a family of five. I am indebted to Mr. Fred Stimpert, Director of 
the Montana State Hygienic Laboratory at Helena, for a copy of the 
very complete report made by the attending physician, Dr. J. H. 
Crouch, and to Dr. W. F. Cogswell, secretary of the Montana State 
Board of Health, and for a sample of home-cured ham, examination of 
which, however, gave negative results. Circumstantial evidenee in 
this outbreak pointed to home-canned string beans as responsible. 

Mr. and Mrs. Nandor Rentz and their three children, Margaret, 
Joseph, and Rosie, lived in the ‘‘Stone Shack”’ 
miles north of Miles City in Custer county. 


neighborhood about 25 


Case 1, Joseph Rentz, male, aged 7, first became ill Wednesday, April 27, with 
dizziness and diplopia. He grew progressively weaker Thursday. He was not in 


pain but complained of inability to swallow. He was brought in the afternoon to 
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Dr. Sadie Lindeberg, who was told that he had a sore throat, but Dr. L. was 
unable to discover any inflammation. Since the child was evidently very ill, she 
consulted Dr. Varco, who, suspecting botulism, inquired about the other members 
of the family, and upon learning of the mother’s condition, asked the father to 
bring both the child and his mother into the hospital at once. They were not 
brought in, however, until the following morning, Friday, April 29. At that time 
Joseph was so weak he could neither sit up nor hold his head up. There was no 
vomiting but his appetite was poor and his bowels moved only with laxatives. 
There was no history of respiratory, cardiac, or kidney symptoms. 

The physical findings emphasized dusky color of the skin, particularly of 
the lips, diplopia, blepharoptosis, dimness of vision, mydriasis, minimal reaction of 
eyes to light, pharyngeal stasis with much mucus, aphonia, inability to swallow, 
rapid and labored respiration, rapid but regular heart beat, and general muscular 
weakness with active reflexes. On April 29 at 3 p. m., he was much weaker with 
marked cyanosis following nasal gavage. The pulse was more rapid (148) and 
thready, respiration 40, temperature 37.2°C, (99°F). Death occurred at 3:40, 
apparently from respiratory and cardiac failure. 

Case 2, Mrs. Rentz, aged 46, also became ill at noon on Thursday, April 27, 
with headache, nausea, vomiting, and abdominal cramps. She became very weak 
and remained in bed, complaining of dizzness and seeing double and of burning 
pain in the pit of her stomach. She had no appetite and was constipated. She 
wus brought to the hospital in Miles City during the morning of April 29. She 
was then unable to speak, her history being given by her daughter, Margaret. A 
very complete physical history in the hospital records emphasized cyanosis of the 
face and lips, diplopia, dimness of vision, blepharoptosis, mydriasis, minimal 
reflexes to light, difficulty of speech and deglutition, with tendency to strangula- 
tion, rapid respiration and heart beat, staggering gait, muscular weakness, and 
active reflexes. During the succeeding night she was very restless, continually 
choking upon the secretion in her throat which required aspiration. April 30, her 
cyanosis increased with apparent respiratory and eardiae failure, and death 
occurred at 11 a. m., about one hour following gavage. 

Case 3, Rosie Rentz, aged 3, first became ill Friday evening complaining of 
dizziness. She was brought into the hospital Saturday morning, April 30, still 
able to walk and sit up with difficulty but weak and dazed. There was neither 
vomiting, nausea, nor pain. Her bowels moved only with enemas. Her kidneys 
were apparently all right and there were no respiratory or cardiac symptoms. It 
was difficult to ascertain whether she had diplopia but her speech seemed clear 
and she was able to swallow. 

On May 1, at 1:15 a. m. she was stuporous and toxic, swallowing with diffi- 
culty but able to speak though her breathing was labored. She was given 5,000 
units botulinus antitoxin, mixed Types A and B, intravenously. By 10 a. m. 
there was marked improvement; she was brighter, sitting up and playing with her 
toys, and taking fluids better, although there was still considerable muscular 
weakness and vertigo. She eventually recovered. 


There seems to be little, if any, reason to think that Margaret, 
aged 24, and her father really had botulism although there were cer- 
tain symptoms at the time of the outbreak which should be mentioned. 
On Saturday evening, Margaret complained several times of dryness 
of her throat and of numbness of her tongue; she was naturally 
alarmed and apprehensive, but the next day she felt all right. Like- 
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wise, her father on Saturday was extremely nervous and complained 
of intense headache due probably, as he thought, to loss of sleep and 
fatigue. He also was free from symptoms on Sunday. 

Owing to the father’s poor understanding of English and his 
apparent failure to observe what foods had been eaten, it was ex- 
tremely difficult to obtain accurate information of the events leading 
up to this outbreak. Margaret had been away from home until recently 
and knew little about food conditions in the home. The following facts 
were obtained however. 

Breakfast on April 26, the day preceding the mother’s illness, con- 
sisted of bread and coffee. At noon there were commercially canned 
tomatoes, home-cured ham, barley and root vegetable stew. Bread, 
coffee, home-prepared cucumber pickles, and home-canned string 
beans were served for supper. Two quart Jars of these beans had been 
put up during the summer of 1932. Mr. Rentz and a neighbor both 
remembered that one jar of some kind of food had been opened some 
time previously and thrown out into the snow because the contents 
after 


oe ? 


were spoiled. Several chickens died with ‘‘general weakness 
eating this material. Whether this was a jar of beans was uncertain. 

Margaret remembered that the beans served Wednesday evening 
had a bad odor and taste. She tasted several of them and told the 
mother that they were spoiled. She thought that Rosie ate only two. 
The mother and father and Joseph all ate a moderate quantity. Why 
the father escaped the illness is unexplained. The remainder of the 
beans were fed to eight hogs but none of them was observed to be ill. 
There was unfortunately no remnant left for laboratory examination. 

Mr. Stimpert obtained some of the home-salted ham for the writer 
to examine. About 25 grams of it was cultured by the author in 200 
c.c. of peptone meat infusion broth at 357° C. (98.6° F.) for four days. 
and 1 ¢.e. of a paper filtrate was injected subcutaneously into a small 
guinea pig. This animal developed some oedema but never showed 
any symptoms of botulism, and it survived. There is, therefore, only 
circumstantial evidence that this outbreak was caused by home-canned 
string beans. 

OUTBREAK AT SPEARFISH, SOUTH DAKOTA 

A single death from botulism attributed to home-canned string 
beans, occurred in Spearfish, South Dakota, November 8, 1933. 
Information and additional jars of the beans were supplied by Dr. A. 
A. Ilermann of Denver and by the vietim’s husband, Mr. Alfred Beck. 

On Sunday, November 5, Mrs. Beck opened a jar of home-canned 
string beans previously prepared by the cold-pack method. The beans 
were said to appear normal but had a very bad smell, resembling that 


of Limburger cheese. Ilowever, Mrs. Beek was suffering from a bad 
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cold and, not being able to smell, tasted and swallowed a spoonful. 
Deciding that the beans were really spoiled she threw them into the 


garbage pail. A second jar was then opened and, since it was appar- 

ently all right, was eaten by both Mr. and Mrs. Beck for their Sunday 
dinner. 

Monday afternoon Mrs. Beck was up and around as usual but 

complaingd of dizziness. That night she was very restless and the fol- 

bee so weak she was unable to rise. A physician was called 

who, recognizing the symptoms of botulism though he had never pre- 


lowing m¢ 


viously seen a case, induced both emesis and catharsis. There was no 
relief of symptoms, which progressed with increasing anxiety and 
fear, weakness, respiratory paralysis, and choking to death of the 
patient Wednesday morning at 7. Mr. Beck never complained of any 
symptoms, 

None of the remaining jars of beans appeared to be spoiled. Mr. 
Beck submitted two of them to the writer for examination but the 


’ 


results were negative except for ‘‘hay’’ bacilli, showing imperfect 
sterilization. 
OUTBREAK AT SPRINGER, NEW MEXICO 

An outbreak of botulism occurred January 6, 1934, among four 
members of a family of thirteen Mexicans at Springer, New Mexico. 
All four victims died. The essential faets were supplied by Dr. L. A. 
Thompson who attended the patients and by Mr. Kenneth E. Monfore, 
Inspector for the United States Food and Drug Administration in 
Denver, Colorado. 

Case 1, Cecilio Garcia, a male, auto mechanic, aged 23, first became ill Sat- 
urday morning, January 6, 1934. Upon rising he was unsteady upon his feet, vom- 
ited several times during the day, and had symptoms of diplopia, and constipa 
tion. He shovelled some snow that day but had to go to bed later. Dr. Thompson 
was called Sunday morning and found the patient restless, cyanotic, with labored 
shallow respiration. His throat was dry but he was unable to swallow water or 
to protude his tongue. The pupils of the eyes reacted slowly to light. Temper- 
ature was 36.7° C. (98° F.) (rectal), the pulse 90, and the respiration 24. It 
was almost impossible to understand his attempts to talk. Urine was scanty with 
a trace of albumin. Two hours later he could not breathe lying down and would 
sit on the side of the bed resting his head on 2 chair. His respirations became 
more and more shallow and labored but his pulse was good and he was entirely 
rational until shortly before death, which occurred at 4 p. m. Sunday, January 7, 
about 36 hours after the first onset of symptoms. 

Case 2, Amelia Garcia, a sister of Cecilio, aged 17, first showed symptoms 
about 7 p. m. Sunday, January 7, beginning with difficult speech, tenacious 
mucus in the throat, inability to protrude the tongue, and difficulty in swallowing. 
Her temperature, pulse, and respiration were normal at first, later following the 
usual pattern, She was constipated, passed scanty amounts of urine containing 
traces of albumin, was restless, and weak. Death oecurred about 8:30 p. m. the 


following day approximately 24% hours after the first symptoms were noted. 
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Death was apparently due to strangulation or respiratory failure. There was no 
pain at any time, and she was rational until death. 

Case 3, Felicita Garcia, aged about 45, the mother of 11 children, first c¢om- 
plained of her throat about 11 a. m. Monday, January 8. She was unable either to 
expectorate the thick, ropy mucus, which had to be removed by suction, or to swal- 
low water and could not protrude her tongue beyond her teeth. She grew 
progressively weaker and restless. She was constipated and unable to urinate 
freely; her urine showed traces of albumin. Her temperature was normal to 
slightly subnormal. 

Fifty ¢.c. of polyvalent botulinus antitoxin containing 2,500 units of Types 
A, B, and C were administered intravenously at noon January 9. Her symptoms 
progressed unimpeded, however, until she died about 8 o’clock the same evening 
with respiratory paralysis. 

Case 4, Enfrancio Garcia, the father, aged about 51, developed his symptoms 
almost parallel with his wife, except that he had less difficulty with mucus. 
Twenty-five hundred units of botulinus antitoxin, mixed Types A, B, and C, were 
given at 12:30 p. m., January 9. In addition he received 2,000 units Type A and 
2,000 units Type B at midnight following and a similar dese at noon on Wednes 
day, January 10. Slight improvement seemed to follow the last dose but the next 
day he grew worse again and died about 8:30 p. m. Thursday, January 11, with 
respiratory failure. 

It was quite difficult to secure adequate data with reference to the 
responsible food. Dr. Thompson and Dr. Diver were unable to deter- 
mine that any home-canned foods had been used although some com- 
mercially canned tomatoes had been eaten during the preceding week. 

Mr. Monfore and Dr. Thompson talked at length with Mr. Garcia, 
Liela Garcia, aged 20, Florence Garcia, aged 14, daughters and sisters 
of the dead persons, and Mrs. Clara Garcia, aged 24, wife of Cecilio, 
asking them what foods had been eaten by the family during the week 
previous to the illness. They named pork, beef, potatoes, rice, fresh 
eggs, pinto beans (dry), mince pie, and bread. The family had bought 
a beef and a hog, which had been slaughtered on nearby ranches, and 
kept the meat in a garage next door to the Garcia home. The entire 
family had been eating this meat cooked in various ways during the 
week of January 1, 1934. Mince meat had been prepared on January 
1 from the pig’s head which had been boiled about two hours, the 
meat being ground and mixed with nuts, raisins, sugar, and dry spices. 
From this, pies were made and eaten on Monday, Tuesday, and Fri- 
day. They thought that all members of the family had eaten the pie, 
but the three members to whom they talked had not been sick, thus 
eliminating the mince meat from responsibility. None of the mince 
meat or pies remained. Neither was there any remnant of meat which 
had been prepared for previous meals. 

The investigators then repeatedly questioned the girls concerning 
canned foods, particularly vegetables. They insisted that no canned 
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foods had been used, except that canned tomatoes had been bought 
from the store and used after their brother and sister had died. 

After practically giving up all hope of finding a canned food, 
Florence spoke to her sisters in Spanish, all of whom then remem- 
bered that a dish of chili was made for the noon meal on either Thurs- 
day or Friday, January 4 or 5, that the dish was prepared by the 
mother and Amelia, who were dead, and that the food had been pre- 
pared by cooking beef and then adding home-canned green chili pep- 
pers, but they thought that the meat and peppers were boiled together. 
All of those who died were remembered to have partaken of this dish. 
In addition, three others, Clara Garcia, aged 24, wife of Cecilio; Alice 
Garcia, aged 16; and Odelia Garcia, aged 11; were thought also to 
have eaten of it, but of these only Odelia complained of some difficulty 
with her eyes; the others showed no symptoms. 

Six members of the family, Gloria, aged 1; George, aged 3; Susie, 
aged 6; Juanita, aged 8; Florence, aged 14; and Liela, aged 20, did 
not eat of the meat and peppers and none became ill, nor were any 
animals involved. 

Clara Garcia thought that the green chili peppers had been canned 
by first roasting the peppers, peeling, then boiling, then placing in the 
cans with salt, and again boiling the filled cans. She was not entirely 
certain, however, as she did not have an active part in the work. 

Clara, Alice, and Liela were carefully advised to boil thoroughly 
all canned vegetables, particularly all home-canned vegetables. 

Since no traces remained of foods which had been served during 
the previous week, Mr. Monfore obtained two cans of the green chili 
peppers, one can of home-canned corn, and portions of the pork and 
beef still hanging in the garage which appeared most likely to be 
spoiled. These materials were brought by Mr. Monfore to the writer. 
The home-eanned corn and the home-canned chili peppers all appeared 
to be good and, while some long gram-positive rods were seen in the 
peppers, both aerobie and anaerobic cultures of all of these products 
showed them to be sterile. Guinea pigs were also inoculated sub- 
cutaneously with two ¢.c. of the juice from each jar with entirely 
negative results. Suspensions of the pork and beef were likewise fed 
to guinea pigs without effect. 

The liver of Enfrancio Garcia was received from Dr. Thompson. 
Two ¢.c. of the blood which had seeped out of it in transit were inocu- 
lated into a small guinea pig which died overnight with symptoms 
and lesions of gaseous gangrene. The same blood filtered and a fil- 
trate from the fluid portion of a deep brain culture failed to produce 
any symptoms in smal] guinea pigs inoculated with three and two e.e. 
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respectively. Similar negative results were obtained with filtrates and 
cultures made from the bile and from the liver substance. 

There remained only the slender epidemiological evidence that this 
outbreak was probably due to home-canned chili peppers. 






















OUTBREAK AT RONAN, MONTANA 

A report from Mr. Fred Stimpert, Director of the State Hygienic 
Laboratory at Helena, Montana, indicates that death came to two 
women and several chickens from botulism caused by eating home- 
canned beet tops grown at Ronan, Montana, in February, 1934. 

Mrs. Armstrong and her daughter, Pearl, opened some home- 
canned beet-top greens on Saturday, February 10. Since their 
appearance was not quite right, both women tasted them after which 
they were thrown out to the chickens. Several chickens developed the 
characteristic symptoms of limberneck and died. 

Mrs. A. felt ill on February 13 and visited Dr. E. J. French com- 
plaining of general weakness, inability to swallow, and diplopia. Dr. 
French suspected botulism but dismissed this diagnosis at first as 
Mrs. A. said all of the family had eaten the same foods. Mrs. A. died 
on February 14, while sitting in a ehair. 

The daughter, Pearl, aged 21, consulted Dr. French on February 
14, likewise complaining of diplopia and difficulty in swallowing. 
Having previously been under the care of Dr. J. F. 8. Marshall at 
Missoula she was referred to him by Dr. French who communicated 
the facts concerning the mother and his suspicion of botulism to Dr. 
Marshall. Pearl died in the hospital at Missoula, February 21. 

Mr. Stimpert obtained four quart jars of home-canned small beets 
with their tops and four of Swiss chard from the cellar shelves, all that 
remained. The latter did not appear to be spoiled but the canned 







beets were gassy and obviously spoiled. However, guinea pigs inocu- 





lated with juices from each jar failed to develop symptoms of any 
kind. The diagnosis must, therefore, be based purely upon the clinical 
observations. 









OUTBREAK AT TOBE, COLORADO 

On January 24, 1935, I received from Mr. Ed Toupal, coroner of 
Las Animas county, Colorado, the stomach contents of two children 
and a woman, previously living on a raneh near Tobe, who had died 
with symptoms of botulism. Further details were given by Dr. D. D. 
Costigan who attended the patients in Trinidad. 

Monday, January 21, Mrs. J. H. Brown, aged 38; her three ehil- 
dren, Joseph, aged 3; Donald, aged 5; Kenneth, aged 8; Mrs. Brown’s 
brother, Ralph Howdeshell, aged 39; and a friend, Mr. Blackwell, ate 
a noon meal at which home-canned string beans and home-ecanned 
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beets were served. Both products were eaten by Joseph, Kenneth, and 
Mrs. Brown and by Ralph Howdeshell. 

Case 1, Joseph developed symptoms of botulism in about 16 hours and was 
dead two hours later, Tuesday morning. 

Case 2, Donald developed symptoms of botulism in about 18 hours and died 
at 1 p. m., Tuesday, January 22. He was said to have eaten no beans, only beets, 
but the writer found string beans in his stomach contents. 

Case 3, Mrs. Brown developed symptoms in about 24 hours and was rushed 
to the hospital at Trinidad where she died Wednesday, January 23, at 10:30 a. m. 

Cases 4 and 5, Kenneth Brown and Ralph Howdeshell were both said to have 
been given botulinus antitoxin, but details as to amounts, routes, and types were 
unobtainable. Both developed mild symptoms of botulism (slight sensations of 
constriction in the throat, mild diplopia) but recovered, though not without suf- 
fering from serum hives. 

Mr. Blackwell barely tasted the beets, but, thinking they were not good, 
refused to eat them; he did eat the beans and suffered no ill consequences. 

Mr. Brown was away from home on Monday but returned late that night and 
ate some of the beans; he likewise showed no symptoms, 

These epidemiological observations naturally suggested that the 
home-canned beets were responsible and that the home-canned beans 
were not, but the laboratory tests were inconclusive. 

Two jars of home-canned beets, recovered from the pantry, were 
apparently in good condition and failed to yield either B. botulinus 
or its toxin, although ‘‘hay”’ bacilli were found in one sample, show- 
ing inadequate sterilization. A dried remnant of home-canned string 
beans found in a dish in the pantry and presumably left from the 
fatal meal, likewise failed to yield either B. botulinus or its toxin. A 
jar of decomposed string beans and one which appeared to be in good 
condition also gave negative results for both the toxin and the bacillus 
of botulism. , 

Negative results for both toxin and B. botulinus were obtained 
with the stomach contents of Donald Brown and of Mrs. Brown. 

The only positive results were obtained with the stomach contents 
of Joseph Brown and the bowel contents of Mrs. Brown. Weakly 
toxic filtrates were present in both, but only in the case of Mrs. Brown 
was there sufficient material available for typing tests. This showed 
the toxin to belong to B. botulinus Type A. 

B. botulinus was not found in any of the materials. That the 
technic employed would have demonstrated this organism if it had 
been present was shown by the successful isolation of B. Welchii from 
three out of four of the post-mortem samples examined. 


OUTBREAK AT FLORENCE, COLORADO 


An outbreak of botulism occurred March 19, 1935, in the family of 
Gabriel Grisenti near Florence, Colorado, involving two deaths in a 
family of four. The following facts were supplied by Dr. L. E. Rupert 
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who, with Drs. V. A. Hutton and R. C. Adkinson, attended the vic- 
tims, and by Mr. L. E. Kimlel, Director of the United States Food and 
Drug Administration in Denver. 

The Grisenti family, consisting of Gabriel, his wife Fioranti, and 
two children, Lena and Esther, lived on a farm about four miles from 
Florence. 

Case 1, Fioranti Grisenti, aged 28, had not been well for several weeks but 
on Tuesday, March 19, she became quite ill and had to stop ironing on account of 
inability to see properly. On Wednesday she experienced dizziness, almost total 
blindness at times, pain in the abdomen, and persistent vomiting. These symp- 
toms progressing, Dr. Hutton was ealled about midnight. He found that there 
was some tenderness over the lower abdomen and in the upper dorsal region and 
that the pulse and temperature were apparently normal. A laxative was pre- 
scribed. 

Dr. Hutton saw Mrs. G. again in the afternoon of Thursday. There was 
then apparently little change in her condition. Inquiries were made as to possible 
drug and mineral poisoning. Botulism was also suspected from the dilation of the 
pupils. Dr. Hutton was about to leave at 6:30 p. m. but decided to remain by the 
bedside. Within half an hour cyanosis developed and Mrs. G. died with respira- 
tory paralysis. 

Case 2, Gabriel Grisenti, aged 44, had been feeling fairly well up until shortly 
before Mrs. G.’s death. He became quite dizzy while milking, however, and was 
unable to finish. Following Mrs. G.’s death he and his children were removed 
several miles to the home of his brother. 

On Friday, March 22, he was unable to swallow and complained of his tongue 
swelling. He had no fever. He was seen Sunday morning, March 24, by Dr. 
Rupert who immediately recognized the symptoms of botulism. Gabriel had not 
had a bowel movement for four days. His breath was extremely fetid and he 
showed ptosis of the eyelids, enlarged puplis, diplopia, and lack of reflexes in 
the tongue, but the pharyngeal reflex was exaggerated. He was thirsty but unable 
to swallow and his voice was heavy and incoherent. His pulse was 60, his temper- 
ature 97. He was not in pain but was restless and apprehensive. Castor oil 
catharsis was attempted but failed. After much difficulty a small amount of 
sodium amytal was successfully administered by mouth. Catharsis was secured by 
rectal enemas. Dr. R. C. Adkinson was called in consultation and arrangements 
were made to secure botulinus antitoxin by special airplane from Denver. Forty 
e.c. (8,000 units) of mixed Types A and B serum were administered about 3 p. m. 

Monday afternoon, March 25, the patient was seen by Drs. Rupert, Adkinson, 
and Hutton and by Mr. Kimlel. He was still unable to speak coherently, avoided 
the light, and had a persistent, dry, hacking cough. His pulse was 92, tempera- 
ture not noted. Eight thousand more units of mixed botulinus antitoxin Types 
A and B were administered. 

The same dose of antitoxin was repeated on Tuesday and again on Wednes- 
day, making a total of 32,000 units. By this time the patient was able to swallow 
water and liquid feod and the diplopia had disappeared. On Thursday he could 
swallow easier and he could protrude his tongue about three-quarters of an inch. 
There was also less difficulty with his throat, and his pupils were fairly con- 
tracted. His temperature, which had ranged from 97 to 103° F., was normal and 


a favorable prognosis was given. He suffered, however, from general asthenia for 


a neriod of about three or four weeks during which he was unable to read the 
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headlines of the newspapers, but vision suddenly cleared overnight and he grad- 
ually regained his former health. 

Case 3, Lena Grisenti, aged 7, was given a prophylactic dose (2,000 units) of 
mixed Types A and B botulinus antitoxin on Monday, March 25. She complained 
of difficulty in swallowing and vision on Tuesday. The dose was repeated. She 
recovered without further symptoms. 

The other child, Esther, aged 5, was also given a prophylactic dose of 2,000 
units of botulinus Types A and B. She never showed any symptoms. 

Mr. Kimlel interviewed Mrs. Hall, a neighbor of the Grisentis. 
Mrs. H. stated that the Grisentis were exceedingly poor, living in a 
house with a single room and subsisting mainly upon white bread, 
corn meal mush, home-cured bacon and sausage, potatoes, dairy prod- 
ucts, and home-canned fruits and vegetables. They had had almost 
nothing purchased from stores. Mrs. H. also stated that Mrs. G. had 
canned about two bushels of string beans last season of which about 
half had spoiled. She had called upon Mrs. G. last Wednesday night 
and found her vomiting, owing, as Mrs. G. declared, to eating the 
beans, although she gave no reason for her suspicion. She said Mrs. 
G. was severely constipated for several days prior to her death, that 
her chief difficulty seemed to be in breathing, her breath coming in 
gasps after which it would ease up and become apparently normal. 
Mrs. G. told Mrs. H. that the beans were opened Friday or Saturday, 
March 15 or 16, and were served without heating by adding them to 
a salad consisting of potatoes and onions flavored with salt, pepper 
and vinegar. The entire jar was used in the salad, which was entirely 
consumed over a period of four or five days, supplemented with white 
bread, corn meal mush, fried sausage, and potatoes. The children, not 
caring for salads, ate sparingly of it. 

Mr. Kimlel also visited the home but was unable to recover any 
more of the beans, the last jar having been consumed. There was 
some fried sausage packed in lard. A sample of this and two empty 


jars, which had apparently been recently washed and rinsed, were 


recovered and brought, together with two samples of urine and one of 
feces from Gabriel Grisenti, to the writer for examination, but unfor- 
tunately none showed the presence of either B. botulinus or its toxin. 
An additional sample of feces was submitted by Dr. Rupert from 
Gabriel Grisenti with similarly negative results. 


SECOND OUTBREAK IN SPRINGER, NEW MEXICO 
A seeond outbreak of botulism oceurred in Springer, New Mexico, 
April 27, 1935, with five cases and four deaths out of a family of 
seven Mexicans. Information and samples were supplied by Dr. Her- 
bert Masten, attending physician in Springer, and by Miss Helen 
McGuire, County Health Nurse, Raton, N. M. This outbreak is not- 
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able as the first in which we have secured irrefutable laboratory evi- 
dence of botulinus poisoning owing to home-canned chili peppers, 
although we have studied several other outbreaks in which cireum- 
stances pointed strongly toward them and have shown the production 
of botulinus toxin experimentally in canned peppers. 

The Lanfor family, living 35 miles east of Springer, canned two 
lots of chili peppers in the fall of 1934, boiling them until they could 
be peeled readily and then again for about two or three minutes when 
they were transferred to glass jars and sealed. 


A jar of the chili was freely eaten by four members of the family 
at noon and again in the evening on Friday, April 26. All were 
feeling weak at bedtime, and some of them vomited during the night. 
Early next morning they started for Springer in their old car but, 
being unable to continue, were picked up by a passing motorist who 


brought them into the Springer Hospital about 9:30 a. m. where they 
were examined by Dr. Masten. 

Case 1, Sincionta Lanfor, female, aged 23, was so weak that she had to be 
carried into the hospital. She was unable to talk, to swallow, or expectorate. Her 
pupils were dilated, her head drooped, and her breathing was difficult, but her 
pulse was good. She died at 10 a. m. 

Case 2, Elias Lanfor, male, aged 25, showed symptoms essentially similar to 
those of Sincionta and was barely able to walk into the hospital with help. He 
died at 10:30 a. m. 

Case 3, Jose Lanfor, male, aged 
with help. He was still able to swallow a little when urged. Botulism was diag- 
nosed on clinical grounds and telegraphic arrangements for serum to be supplied 


70, was also able to get into the hospital 


from Denver were made at once, but he died just as the plane was Janding 
about 3 p. m. 

Case 4, Juanita Lanfor, aged 64, developed symptoms almost. parallel to those 
of Jose. She was given 10,000 units mixed botulinus antitoxin Types A and B 
about 3:30 p.m. There was no evidence that she was benefited and she died about 
8 p. m. 

The stomachs of all the patients had been washed out immediately upon 
arrival, yielding mucus and remnants of chili. They were also given five ounces 
of Epsom salts each but without effect. 

Case 5, Enfrancio Lanfor, male, aged 15, a grandson of Jose Lanfor, first 
reported that he did not eat any of the chili. However, on Monday, April 29 at 
noon, he complained of pain in his eyes and of not feeling well. On Tuesday he 
could not lift his hand to comb his hair, felt weak, and had no appetite. He then 
told his brother that he had put some of the chili on his beans but because it 
tasted moldy scraped it off and finished eating his beans. After he had been 
sick two or three days his brother took him to a doctor in Clayton, New Mexico, 
who secured botulinus antitoxin from Denver for him. At that time he could 
barely walk; he was later reported by Miss McGuire to have recovered. 


Miss MeGuire drove out to the Lanfor ranch. She found one 
unopened jar of home-canned chili and one that had been opened but 
still contained about 50 ¢.c. of the product. A relative of the Lanfor 
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family stated that when Elias Lanfor opened this jar he disearded a 
part of it because it was spoiled, but when Dr. Masten examined it 
he thought it smelled and looked all right. 

This jar was forwarded to the writer, arriving April 29. It 
appeared to be partially decomposed but it must be remembered that 
it had then been opened at least three days. At any rate, it was easy, 
by diluting 10 ¢.c. of the juice with equal parts of sterile water fol- 
lowed by filtration through a Berkefeld filter, and injection of 1 e.c. 
of the filtrate along with equal parts of known type serums into guinea 
pigs, to demonstrate overnight the presence of botulinus toxin, Type 
A. A strain of Bacillus botulinus Type A capable of producing more 
than 10,000 M.L.D. per e¢.c. of glucose broth was subsequently recov- 
ered in pure culture from the unfiltered peppers. (No. 8388). 


OUTBREAK AT SCOTTSBLUFF, NEBRASKA 

This outbreak occurred about November 2, 1935, in the family of 
David Reizenstein, a farmer. The following information was supplied 
by Dr. J. P. Weyrens, who attended the family; by Dr. A. A. Her- 
mann of Denver, who supplied the botulinus antitoxin; by the Den- 
ver Post, which sent an airplane with the serum to Scottsbluff; and 
by Mr. J. A. Ainley, Inspector for the State Department of Agri- 
culture and Inspection at Lincoln, Nebraska. 

The Reizenstein family consisted of the father, the mother, and 
seven children. The date upon which the fatal meal was eaten could 
not be ascertained but was probably prior to Saturday, November 2. 
The family had been eating home-canned corn, without reheating, out 
of glass jars ‘‘because they liked it that way.’’ This corn had been 
cut from the cob and packed cold; the jars were then sealed and 
steamed for three hours in a kettle. Several lots were put up on dif- 
ferent days last summer. One jar had recently beeen thrown out to 
the chickens because it smelled badly ; more than a score of them had 
died with symptoms of limberneck. Two of the children became ill 
Saturday, November 2, and two others on Sunday, November 3. Mon- 
day morning, November 4, three of them were found dead in bed; Dr. 
Weyrens was then called. The father and the oldest daughter, Martha, 
at that time also showed symptoms of botulism, and Dr. Weyrens took 
immediate steps to secure the antitoxin by airplane from Denver. 

Case 1, Martha, aged 13, complained cf abdominal pain and diplopia on Sat- 
urday morning, November 2. She received botulinus antitoxin on November 4 
and was reported out of danger in a few days, but she died November 19. 

Case 2, Floyd, aged 1 year, was il] Saturday afternoon and Sunday and found 
dead in bed Monday morning. 

Case 3, Marie Ruth, aged 7 years, was ill Sunday and found dead in bed 


Monday morning. 
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Cause 4, David, aged 3 years, was ill Sunday and found dead in bed Monday 
morning. 

Case 5, David, the father, age not stated, was reported il! Monday, November 
4, received serum, and recovered sufficiently to return to his farm duties on 
November 8. 

The mother and the other children, Harry, aged 11 years, Irene, aged 9 years, 
and Dolores, an infant in arms, were given botulinus serum prophylactically Mon- 
day evening and never showed any symptoms. 

Four glass jars of home-canned corn were collected on November 
5, from the Reizenstein home by Mr. J. A. Ainley, Inspeetor from the 
Nebraska State Department of Agriculture and Inspection. One of 
these was sent for examination to the State Board of Health Labora- 
tory at Lincoln, two to the Federal Food Laboratory at Kansas City, 
and one to the writer. The last was a quart pickle jar with a Kerr- 
Mason screw top, about one-half full of corn eut from the cob. The 
corn was light yellow in color and was apparently under considerable 
pressure since it continued to bubble and foam for several minutes 
after opening. The odor was slightly sour but not unpleasant and 
the fluid was turbid. Microscopically and culturally, however, only 


non-hemolytie streptococci of probably salivary origin were found. 


There were no gas-producing organisms and the gas present in the 
sample could not be explained. 

It was impossible to filter the turbid juice before it was centri 
fugalized, which resulted in a milky fluid that could be passed first 
through paper and then through a Mandler filter, but even the Man- 
dler filtrate was slightly opalescent. Injection of a small guinea pig 
with one ¢.c. showed it to be non-toxic. Mr. Ainley later reported 
negative results with the other three jars of corn. 

Dr. Weyrens submitted one of the chickens which had died. All 
of the viscera of this fowl were removed aseptically with instruments 
sterilized by boiling in strong lye solution. 

The crop was empty; no remnants of food could be recognized, 
and there was no juice available for a direct test for toxin. The entire 
crop was cultured in 200 ¢.c. of peptone broth for 48 hours and the 
broth was then filtered through a Mandler bougie; this filtrate killed 
guinea pigs in small doses (0.1 ¢.c.) overnight and Type A botulinus 
toxin was proven to be present. 

The gizzard contained about two grams of fine gravel only. This 
was washed out into 200 ¢.e. of peptone broth of which 20 e.c. were 
easily filtered at onee but no toxin was demonstrable in the two e.c. 
inoculated. However, Bacillus botulinus Type A (No. 8857) was 
recovered in pure culture from among many other bacteria. Its pres- 
ence was also demonstrated in cultures from the intestine but not those 
from the liver. 
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OUTBREAK AT SAYLE, MONTANA 

Two C.C.C. workers died at Miles City, December 5 and 6, 1935, 
from botulism contracted at Sayle, Montana, about 125 miles south, 
presumably from eating home-canned spinach put up by the wife of 
one of the men. Information and samples of the spinach were supplied 
by Drs. Matthew Brody and M. D. Winter, who treated these men, 
and by Miss Edith Kuhns, Acting Director of the State Hygienie Lab- 
oratory at Helena. 

Lee Anderson, aged 30, and Arthur Decker, aged 50, ate a cold 
luneh on Tuesday, December 3, 1935, including home-canned spinach 
which had been prepared by the cold-pack method in June, 1935, 
by Mrs. Anderson. They also drank some liquor but how much and 
what was not ascertained. The spinach was eaten directly out of the 
jar because they were moving and had been unable to put up their 
stove. Mrs. Anderson, arriving at the new home later in the evening, 
tasted the remaining spinach but threw it out because it seemed bit- 
ter and rancid. There weree no chickens on the place but the spinach 
may have been eaten by pigs: if so, it did not affect them, and an 
examination by another bacteriologist of the intestinal contents of one 
of the pigs slaughtered shortly afterward was reported as negative 
for B. botulinus and its toxin. 

Symptoms in both men began Wednesday afternoon with severe 
headache. Thursday both suffered from disturbances in speech and 
vomiting. Dr. Matthew Brody of Camp Winnett, Montana, was called 
but neither man could give any coherent account of his illness. Dr. 
Brody made a diagnosis of botulism and took both patients in an 
ambulance to Miles City where 2,000 units of botulinus antitoxin were 
administered to each; but they both died the same night, one at 10, 
the other at 1 a. m. Friday. 

When Dr. Brody first examined Anderson Thursday morning at 10, he gave 
a history of nausea, headache, diplopia, and aphasia on the preceding day. On 
Thursday he was still unable to articulate but, though acutely ill in bed, was not 
suffering from dypsnea or pain. His rectal temperature was 99, his pulse 72, res- 
piration 18, and blood pressure 128/70. Bilateral blepharoptosis, diverging 
paralysis, and lateral mystagmus were observed. The pupils of the eyes were 
round, regular, and equal and reacted to light. The patient was barely able to 
move his eyes. 

There was no impairment of hearing and the patient understood those speak- 
ing to him. His mouth was kept slightly open but could be opened by him further 
than half an inch only with the greatest difficulty and it was equally difficult for 
him to move his tongue. His mouth was full of mucus which he could not swallow 
or expectorate and which drolled out when he turned his head. He could make 
guttural sounds with great difficulty but could not articulate. His lips seemed 
fairly dry. 

The abdomen was flaccid and the abdominal reflexes on the left side were 
absent. There was no tenderness and no rigidity. All of the symptoms of botulism 
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became more marked as time passed. He was soon unable to move his jaws or 
tongue or to utter the slightest sound. By 3 p. m. his upper extremities were 
completely paralysed. At this time he was given intravenously 2,000 units of 
botulinus antitoxin which had just arrived in Miles City from Helena. Five min- 
utes later he began to perspire profusely, his pulse went up to 120 per minute, 
and an urticaria developed which was alleviated by injecting one c¢.c. of adren- 
alin. He was also given 1,000 ¢.c. of 10 per cent glucose in physiological saline 
solution before 5 p. m. when coma began; his skin at this time was becoming 
livid and his blood pressure was 118/88. He died at 10 p. m. 

Post-mortem examination was made by Drs. Winter and Brody. The findings 
need not be given in detail because it is well known that there is nothing distinctive 
in the pathology of botulism; nothing was found that would exclude the ante- 
mortem diagnosis. In line with such a diagnosis the gall bladder was filled 
with bile. 

Observations on Decker were essentially similar, except that there was more 
vomiting; he did not seem quite so ill at first and he died about three hours Jater. 
No autopsy was performed in this case. 

Dr. B. K. Kilbourn, State Epidemiologist, visited the premises at 
Sayle and, although unable to secure any remnant of the jar of 
spinach which had been either consumed or thrown out, collected 15 
additional jars, several of which were bulged from gas_ pressure 
within. 

Five of these jars were sent directly to the writer by Dr. Winter. 
There was no evidence of spoilage in three of these and a pooled 
specimen of the juice proved to be non-toxie on injection of guinea 
pigs, while cultures were sterile. The other two had swelled caps but 
looked all right (bright green) until opened, when they foamed from 
the gas pressure, giving off a foul pungent odor which soon subsided, 
leaving the spinach macerated and rotten. However, a pooled speci- 
men from these jars filtered through paper was non-toxic, and no gas- 
producing bacteria could be cultivated, only non-hemolytie strep- 
tococei. 

Three more jars were submitted by Miss Kuhns after she had 
opened them with results similar to the above which we confirmed. 
Neither B. botulinus nor its toxin was found in any of the material 
examined, which leaves the diagnesis resting solely upon the clinical 
and post-mortem observations. 


OUTBREAK AT ARVADA, COLORADO 
On Saturday, January 18, 1936, the writer was asked to investi- 
gate a fatal case of suspected botulism, treated by Dr. T. R. Thorne 
of Arvada. This is apparently the first case of botulism to be reeog- 
nized in or near Denver. The following facts were secured Sunday, 
January 19, in company with Dr. Thorne. 
John Dienes, aged 46, and his wife Helen, aged 39, and their two sons, Frank, 
aged 22, and John, Jr., aged 19, lived on a 20-acre farm midway between Arvada 
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and Golden. Last summer they canned a large quantity of various kinds of 
fruits and vegetables by the cold-pack method, placing the produce in glass 
Mason jars with loose caps, boiling in a wash boiler for two or three hours, and 
then sealing. There had been a great deal of spoilage which Mrs. Dienes had been 
accustomed to detect by tasting; if spoiled the product was thrown out to be 
be consumed by the chickens. 

On Tuesday, January 14, Mrs. Dienes tasted a jar of spoiled spinach 
and threw it out. About the same time Mr. and Mrs. Dienes consumed a pint of 
whiskey at intervals but Mr. Dienes said he drank much more than she did. Mr. 
Dianes said he felt a little dizzy Wednesday but Mrs. Dienes said she felt ‘‘ awful 
dizzy’’ and was nauseated so that she vomited. Thursday evening she was so sick 
that Dr. Thorne was called, but since Mrs. Dienes had been subject to bilious 





Fic. 1. Home-Canned Produets Examined for Bacillus Botulinus and its Toxin 
in the Arvada Outbreak 


Although several of these jars showed swelled caps owing to bacterial spoilage 
or to the corrosive action of vinegar, neither B. botulinus nor its toxin could be 


demonstrated. 


attacks, having lost her gall bladder many years before, it was thought that with 
rest in bed and light diet she would soon recover. Her ocular responses were 
tested by Dr. Thorne at this time and seemed to be normal except for a moderate 
diplopia. 

On Friday she was markedly worse, complaining of marked museular weakness, 
difficult swallowing, inability to speak, and a feeling that her tongue was swollen. 
Botulism was diagnosed and she was taken to a Denver hospital Friday night. 
Saturday at 2 a. m. 5,000 units each of botulinus Tyes A and B antitoxin were 
given intravenously. There was no serum reaction and the same dose was repeated 
at 10 a. m. One-sixth of a grain of morphine was also given every two hours, as 
well as infusions of 300 ¢.c. five per cent glucose solutions intravenously, and 
2,000 ¢.e. of physiological saline solution subeutaneously, with some relief of 
suffering. Notwithstanding, the patient grew steadily worse and died at 12:30 
p. m. Saturday, January 18. 
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Autopsy was performed Sunday, January 19, by Dr. A. W. Freshman of 
Denver with Dr. Thorne and the writer assisting. It is well known, of course, that 
there is no distinctive pathology in botulism and there was none here. There was 
likewise nothing that would cast any doubt upon this diagnosis. In line with 
botulism was a moderate congestion of both lungs but the customary engorge- 
ment of the gall bladder could not be observed because the gall bladder has 
been removed several years previously. A culture was made from five e.c. of 
heart’s blood and the liver and spleen were removed intact for laboratory exam- 
ination. The stomach, small intestine, and large intestine were tied off and 
removed for bacteriological examination of their contents. 

Dr. Thorne and the author visited the Dienes farm. We were in- 
formed that the contents of the suspected jar of spinach had been 
thrown out into a nearby ditch where they had apparently been en- 
tirely consumed by the chickens. No fowls had died, however, at the 
time of our visit, but we were informed six weeks later that several 
were found dead afterward. 

There were about a hundred jars of home-canned vegetables, 
fruits, and meat in the cellar. Some of these seemed to be turbid and 
gassy with swelled and leaking tops. Six jars of spinach, four of 
string beans, one of squash, and two of mixed pickles were brought 
into the laboratory. The products are shown in Fig. 1. 

The results of the laboratory examinations, however, were entirely 
negative. The heart-blood culture was sterile and the contents of the 
stomach, small intestine, and large intestine failed to reveal botulinus 
toxin in filtrates inoculated into guinea pigs or B. botulinus in eul- 
tures. Filtrates of the liver and splenic pulps were likewise non- 
toxic, as well as both filtrates and cultures of all of the jars of home- 
canned vegetables. The diagnosis of botulism in this case therefore 
rests solely upon the clinical observations. 


SUMMARY AND DISCUSSION 
It will be seen (Table 4) that five outbreaks oceurred in Colorado, 
four in Montana, three in New Mexico, one in South Dakota, and one 
in Nebraska during the period from June 8, 1932, to January 18, 1936. 
None was recorded during the months of July, August, September, 
or October. Four outbreaks occurred in January, two in February, 
one in March, two in April, one in June, three in November, and one 
in December. The incidence of botulism is naturally highest in those 
months in which home-canned foods are most generally used. 
The 13 families represented in the human outbreaks comprized 67 
persons, of whom 39 were ill and 32 died, a mortality of 82 per cent. 
This figure may be compared with that of 61.3 to 62.4 per cent 
caleulated by Geiger, Dickson, and Meyer (1922) for the United 
States as a whole, with that of 71.7 per cent recorded by the writer 
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with Gilbert (1929) for Colorado (1912-1929) and with 80 per cent 
for the writer’s last series (Hall, 1933) of seven outbreaks in the 
Rocky Mountain region (1929-1932). We still suspect that the higher 
mortality in botulism in the Rocky Mountain region is correlated with 
the greater danger of pneumonia at high altitudes but there is no 
direct evidence on this point. The actual incidence of pneumonia as 
a complication in botulism is unknown because so few human autop- 
sies have been adequately recorded in this disease. The post-mortem 
diagnosis of botulism has likewise never been adequately studied from 
human material, although Miss Glassman (1932) has made a good 
beginning with experimental animals under the writer’s direction. 
There was no evidence that any foods other than home-canned 
vegetables were involved in any of the outbreaks above described. In 
six instances the toxin was demonstrated experimentally; the foods 


apparently responsible for these six outbreaks were home-canned 


cauliflower, home-canned chile, home-canned beet tops, and home- 
canned sweet corn. Type A toxin was identified in five instances and 
Bacillus botulinus Type A was isolated in pure culture in six instances. 
In one outbreak (Tobe) epidemiological evidence pointed strongly to 
home-canned beets, but although none of the original material was 
available for examination and other jars gave negative results, exam- 
ination of the bowel contents of one of the victims indicated that this 
outbreak was likewise due to Type A toxin. In one instance (Bloom- 
field) in which no toxin could be demonstrated in the suspected home- 
canned chili, enriched cultures showed the presence of B. botulinus, 
Type B. In another outbreak (Scottsbluff) where no toxin could be 
detected in a sample of home-canned corn or in the gastro-intestinal 
tract of a chicken that died with symptoms of limberneck, B. botulinus 
Type A was recovered from the latter. 

In the seven remaining outbreaks neither toxin nor B. botulinus 
could be demonstrated in any of the foods or autopsy materials avail- 
able for study, but epidemiological data indicated that three of these 
were probably due to home-canned string beans while one was prob- 
ably due to home-canned chili, one to home-canned beets, and two to 
home-canned spinach. 

Inspection of the names of the families involved indicates that 
some of them belong to foreign races of low intellectual attainment 
and suggests that the education of these groups to the danger of eating 
improperly home-prepared and spoiled foods is likely to be an exceed- 
ingly slow process. There seem indeed to be three distinct groups of 
housewives, as follows: 

1. Those who are well grounded in the fundamental principles 
of bacteriology as applied to home-canning ; who intelligently use con- 
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trolled steam pressure or intermittent sterilization methods of 
canning; who are ever conscious of the danger of botulism in spoiled 


canned foods; who never taste or serve spoiled food; and who always 
recook all canned foods before serving them. These housewives and 
their families rarely, if ever, die from botulism. 

2. A very large number of women who have little or no knowledge 

of bacteriology ; who use antiquated ‘‘cold-pack’’ or other inadequate 
methods of canning; and who, having much spoilage, are vaguely 
conscious of an ill-defined element of danger which they attempt to 
avoid by tasting each jar of food before serving it. No doubt thous- 
ands of jars of perfectly harmless spoiled home-canned foods are dis- 
carded as a result of this common practice but from time to time a 
jar is encountered which contains botulinus toxin, resulting in the 
death of the human guinea pig and often domestic fowls and other 
animals as well. In these cases the other members of the family gen- 
erally do not suffer. There were four such instances in the present 
series. 
3. The third group consists of people who are at the bottom of 
the ladder educationally, socially, and economically ; who use the erud- 
est methods of home-canning; who seem to be oblivious to the danger 
of eating spoiled foods; and who will apparently eat anything that 
looks like food if they can get it down. Such foods may be purposely 
fermented to impart a desired flavor, or they may be highly seasoned 
or flavored to mask spoilage. When botulism oceurs under such econ- 
ditions it usually takes a toll of several lives as in ten of the out- 
breaks just described. 
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During the past five years numerous reports have appeared in the 
literature dealing with inbreeding of sweet corn. Haber (1930, 1934 
a and b), Hayes (1930), Rothgeb (1934), and others have found that 
properly selected hybrid strains of sweet corn are superior to the 
open-pollinated varieties from the standpoint of greater yields, greater 
uniformity in maturity and in size of ears; and that less smut, root 
rot, and bacterial wilt diseases are manifested. Very little attention, 
however, was devoted to the study of chemical constituents as corre- 
lated with changes in quality. This report deals with the latter point 
and a study of the relation of chemical constituents to the length of 
time in days that sweet corn will remain in prime condition. 

Appleman (1921), Culpepper and Magoon (1924, 1927), Magoon 
and Culpepper (1926), Stevens and Higgins (1919), Straughn and 
Church (1905-1908) have reported the following factors to be of great 
importance in determining quality of the canned product: climatic 
conditions, variety, harvesting methods, cannery practices, and the 
natural properties of the corn itself. 

Toughness or tenderness of the kernel is of great importance in 
determining quality of the canned product as well as flavor and con- 
sistency. Culpepper and Magoon (1924) found that quality in sweet 
corn is determined primarily by the degree of maturity of the corn 
when canned. The same authors (1924, 1927) also found that maturity 
is mostly determined by the carbohydrates which influence delicacy 
of flavor and toughness of the corn kernel. It is this factor, toughness, 
more than anything else which unfavorably affects the quality of 
eanned corn. This point has been emphasized by Burton (1922) who 
found that commercial grades of canned Country Gentleman corn, so 
far as they are concerned with maturity, differ only in the proportions 
of tough and tender kernels present. 


MATERIALS AND METHODS 
The strains of sweet corn studied were as follows: open-pollinated 
Golden Sunshine, open-pollinated 8-row Golden Bantam, open-polli- 
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nated 10-14-row Golden Bantam, 1339 * 8-row Golden Bantam, 1339 
<< Golden Sunshine, 1339 « 10-14-row Golden Bantam, 1339 « 1351 
(Golden Cross), 1339 Inbred Golden Bantam, 1339 * 1351 1313, 
and 1339 x 14-1-2-6. 

The climatic conditions under which the different types of corn 
were grown showed a deficiency of rainfall and a long period of mod- 
erately high temperature which prevailed during the growing season 
(Fig. 1). 

The different types of corn were planted at the same time and 
grown under the same climatic and environmental conditions so that 
any differences noted in the chemical constituents would seem to be due 
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Fic. 1. Temperature-Rainfall conditions under which corn was grown. 


to inherent variations. Magoon and Culpepper (1932) found that the 
amount of heat required to bring sweet corn to canning maturity varies 
with different varieties and with strains within the varieties. 

The various strains of corn were planted June 2, 1933, in the 
gardens of the Department of Vegetable Crops. The sampling of the 
different strains of corn for canning tests was begun upon ears at 17 to 
21 days from the date when they appeared in 10 per cent silk. In order 
to determine the time in days that each strain of corn will remain in 
prime canning condition, subsequent samples were taken at intervals 
of two days over a period of ten days. The different strains of corn 
were harvested early in the morning from one-fifth acre plots and 
taken to the Geneva Preserving Company where the corn was machine 
husked, silked, and trimmed. It was then eut from the cob by a Peer- 
less whole-grain cutting machine. Representative samples were taken 
from each of the different strains of corn, placed in quart Mason jars, 
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sealed, and removed to the laboratory for sampling and preservation. 
Duplicate 50-gram samples were weighed out and preserved in alcohol 
according to the method used by Culpepper and Magoon (1924). In all 
eases the sampling was concluded (Tables 3 to 6) within three hours 
from the time the ears were removed from the stalks. 

The canning was done under commercial conditions in the factory 
of the Geneva Preserving Company by canning technologists of the 
research department of the American Can Company. The authors 
desire to express their appreciation to these companies for their gener- 
ous cooperation. 

The canning methods employed were the same for all strains, so 
that the canned produets were strictly comparable. After removing the 
corn from the cutting machine, it was washed, drained, put into No. 2 
cans, and filled with liquor containing 15 pounds of salt and 35 pounds 
of sugar to every 132 gallons of water. The cans were heated to 
82.2° C. (180° F.) during a three-minute period, sealed and processed 





all at the same temperature and for the same length of time. At ir- 
regular intervals thereafter, sample cans from the various lots (Tables 
7 to 10) were opened and the contents analyzed. 

An official quality grading test (Table 1) was made on a set of 
canned samples from each of the various strains of corn by a repre- 
sentative from the U. S. Department of Agriculture, Bureau of Agri- 
cultural Economies, Washington, D. C. 

Dry-matter determinations were made in duplicate on 10 gram 
samples. The samples were dried to a constant weight in an electric 
oven at 85° C, (185° F.). 

The method described by Jenkins (1934) for the determination of 
aleohol-insoluble solids was used. 

Total and reducing sugars were determined according to the meth- 
ods deseribed by Bisson and Jones (1932). The recaleulated tables by 
Kertesz (1930) were used for the determination of reducing sugars 
by Bertrand’s method. 

Starch determinations were made essentially according to the 
method as described by Walton and Coe (1923). The reducing sugars 
were determined by Bertrand’s methods and the recaleulated tables 
by Kertesz (1930) were used. The dextrose values were converted 
into starch by the use of the factor .93 as used by Denny (1934). 

It is commonly considered that quality in sweet corn is determined 
primarily by the degree of maturity of the corn when canned. Among 
the factors that are taken into account in arriving at an estimate of the 
quality grades of whole-grain style of canned corn are color, absence 
of defects, cut, maturity, and flavor. The relative importance of each 





TABLE 1 


Quality Tests Made on Canned Samples of Sweet Corn, 1933 





Quality score of pack in relation to: 





Variety and age in days from 
10 per cent silk Maturity Flavor Total score 
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component has been expressed numerically on a seale of 100. Of these 
the Bureau of Agricultural Economies of the U. S. Department of 
Agriculture (1933) has seored flavor 25 per cent and maturity 35 per 
cent of the total. 
MATURITY SCORE AND QUALITY 

When the scores for tenderness and maturity (Table 1) of each 
of the different packs of canned whole-grain corn are plotted against 
the corresponding seores for flavor (Fig. 2), a linear relationship exists. 
The same relationship exists when the total scores are substituted in 
place of the scores for flavor. Consequently, the score now used for 
tenderness and maturity is direetly proportional to flavor and to the 





MATURITY AND TENDERNESS SCORE 














tT ¥ T ' ' FT 8 e 
25 23 21 19 17 


FLAVOR SCORE 


Fig. 2. Relation between scores for maturity, tenderness and for flavor. 


The diameter of the dots is proportional to the number of the samples which fel! 
on the same point. 


total score. The maturity score, therefore, is indicative of flavor or 
quality of the canned product. 


INDICES OF MATURITY 
Inasmuch as maturity is given major importance on the grading 
seale and since the maturity score is indicative of quality, any atten. pt 
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to place the grading of corn for quality upon a quantitative basis will 
have for its most important problem that of the measurement of 
maturity. Jenkins (1934) found that within certain limitations the 
percentage of aleohol-insoluble residue might serve as an index of 
maturity on canned whole-grain sweet corn. Kertesz (1935) proposed 
a simplified method for the determination of quality of canned whole- 
kernel corn. 

Correlations were made between the scores for maturity and the 
percentages of each of the chemical constituents, total solids, alcoho!- 
insoluble solids, total sugars, and sucrose in the canned product. Pear- 
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PER CENT ALCOHOL-INSOLUBLE SOLIDS PER CENT TOTAL SOLIDS 
Fic. 3. Relation between maturity, tenderness score and the percentages of 
alcohol-insoluble solids and of total solids. 
Samples © yielded a tender and sweet product but were lacking in body and 
flavor and were classed as slightly too immature to grade as fancy quality. 


son’s method was used to determine the coefficient of correlation for 
49 samples. The correlations between the scores for maturity and the 
percentages of total solids and of aleohol-insoluble solids are illus- 
trated graphically (Fig. 3) on all of the strains of canned whole-grain 
sweet corn. The coefficient of correlation between maturity score and 
the percentages of the chemical constituents in canned corn were as 
follows: percentage of total solids, —0.6809 + 0.0516; percentage of 
alcohol-insoluble solids, —0.6591 + 0.0545; percentages of total sugars 
and sucrose, 0. A coefficient of correlation to be significant should be at 
least .3 and more than six times its probable error. 
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The results show that there is a decided correlation between the 
scores for maturity, the percentages of total solids, and the percentages 
of alcohol-insoluble solids. Furthermore, the difference between the 
coefficient of correlation for total solids and for alecohol-insoluble solids 
is not significant ; therefore, either constituent may serve equally well 
as an index of maturity and of quality. On the other hand, the coeffi- 
cients of correlation between the scores for maturity and for total 
sugars and for sucrose do not show any correlation whatever. Cul- 
pepper and Magoon (1927) found that high-sugar content in sweet 
corn does not always mean high flavor or quality. 


TABLE 2 


Percentage Decrease in Rate of Maturing of Ears 
for the Different Strains of Canned Corn 








Percentage decrease in 


Strains rate of maturing of ears 
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Re ee ee Rai cntieseiticiitinciicccenbiinentacibilbsniniisbiniiiniuaiantiasampiniaa 34 
Open-pollinated 10-14-row Golden Bantam..................:ccsccccsccceseeeseseseseereeeeees 37 





MATURITY GRADIENT AND QUALITY 

The steepness of the gradient of the maturity score (Table 1) is 
inversely proportional to quality. It is interesting to express the steep- 
ness of this gradient on a percentage basis and to correlate the findings 
(Table 2) in relation to the rate of maturing of ears between the 
different strains studied. 

The results show that there was a greater percentage decrease in 
rate of maturing of ears in the open-pollinated varieties than in hybrids, 
of 34 per cent and of 14 per cent respectively (Table 2). The hybrid 
strains studied, therefore, are superior to the open-pollinated varieties 
from the standpoint of a slower rate of increase in maturing of ears. 
These findings are in accord with the results reported by Haber (1930) 
who found that the variation in maturing of ears was greater in open- 
pollinated varieties than in hybrids. 

With reference to the above table, a diserepaney occurs in the 
1339 « 10-14-row Golden Bantam. This strain of corn is known to ma- 
ture very irreguiarly, owing to inherent variations. 
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Inasmuch as more uniform mature ears result from hybridization 
as shown from these data, a more uniform quality pack (Table 1) may 
therefore be expected. 

CHEMICAL CONSTITUENTS AND QUALITY 
Total Solids and Alcohol-Insoluble Solids 

It will be seen from the analytical data (Table 3 to 10, Fig. 3) that 
the degree of maturity is closely correlated with the content of total 
solids and of aleohol-insoluble solids; the higher the solids the more 
mature the corn. These solids were also found to be indicative of 
quality in the whole-grain style of canned sweet corn as shown pre- 
viously in this paper. 

Comparisons of the percentages of total solids and of aleohol- 
insoluble solids (Tables 3 to 10) were made on the fresh and the canned 
products of the following types of corn: open pollinated 8-row Golden 
Bantam, top-cross 8-row Golden Bantam, hybrid inbred (1339 « 1351), 
hybrid inbred (1339  14-1-2-6), and the three-way cross (1339 
1351 & 1313). The percentages of total solids and of alcohol-insoluble 
solids increased most rapidly in the open-pollinated variety. The top- 
cross strain was intermediate in this respect. 

Likewise, in the open-pollinated Golden Sunshine, the total solids 
and the alecohol-insoluble solids increased more rapidly than in the 


top-ecross Golden Sunshine. 

Referring to the comparisons above, irregularities oceurred in the 
percentages of total and alcohol-insoluble solids of the top-cross 10-14- 
row Golden Bantam as compared with the corresponding open-po!li- 
nated variety. This particular top-cross is known to mature very 
irregularly and this may account for the difference noted. 

The more rapid increase of total solids and of aleohol-insoluble 


solids in the open-pollinated varieties seemed to be closely correlated 
with the more rapid rate of maturity of this type of corn and more 
rapid decline in quality. 

Although all the different types of corn studied came into prime 
condition for canning at about the same time, the open-pollinated 
varieties remained in this stage only one-half as long as the hybrid 
types of corn. It is suggested that this increase in ‘‘harvest spread’’ 
of the top-cross and hybrid inbred strains may be due to a slower 
increase in total solids and of aleohol-insoluble solids. In general, 
canned corn in prime condition had an aleohol-insoluble solid content 
of not more than 20.5 per cent and a total solid content of not more than 
25.6 per cent (Tables 7 to 10). The 1339 inbred Golden Bantam, having 
a slower rate of inerease in solids than the open-pollinated varieties, 
seemed to be able to transmit this property to its progeny and thereby 
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prolong the period when the corn will remain in prime condition, pro- 
vided it is picked at the proper stage of maturity. 

In all cases the percentages of total solids and of alcohol-insoluble 
solids were lower in the canned than in the fresh corn. This may be 
due partly to leaching out of the soluble constituents during prepara- 
tion. Corn abserbs water when soaked or cooked, thereby lessening the 
proportion of sclids. The proportion of these solids in fresh corn may 
serve as an index of the solids in the canned product and therefore 
would be an index of quality. 


Sugar Content 


An idea of the rate and the nature of changes in total sugars, 
sucrose, and reducing sugars may be obtained rather readily from the 
analytical data (Tables 3 to 10). The differences in the percentage of 
sugars were not significant at any stage of maturity between the differ- 
ent types of sweet corn. Furthermore, percentages of sugar in the 
canned corn were lower than in the fresh corn owing to the leaching 
out of the sugars during the blanching process. 


Starch Content 


The percentage of starch increased with age of the corn. The differ- 
ent types of sweet corn did not vary widely in the percentages of starch 
between each comparative series of tests (Table 3 to 10). 


CONCLUSIONS 

Several types of sweet corn have been studied with respect to 
chemical composition of the kernels and relation of these constituents 
to the length of time in days that the corn will remain in prime con- 
dition. 

Data is presented to show that the hybrid strains were superior to 
the open-pollinated varieties from the standpoint of increased quality, 
slower rate of increase in maturing of ears, and nearly double the in- 
crease in length of ‘‘harvest spread’’ owing to a slower increase in 
total solids and alcohol-insoluble solids. 

In the whole-grain type of canned sweet corn the scores for maturity 
and for tenderness are directly proportional to the scores for flavor. 

Chemical analyses showed that the percentages of total solids and 
of aleohol-insoluble solids may serve equally well as indices of maturity 
and of quality in canned whole-grain sweet corn of the types studied. 

The percentages of total solids and of alcohol-insoluble solids were 
lower in the canned than in the fresh corn. 

The differences in the percentage of sugars were not significant 
during the period studied at any stage of maturity between the differ- 
ent types of sweet corn. Likewise, the percentages of starch did not 
vary widely between each comparative series of tests. 
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INTRODUCTION 

The observation by Cameron, Williams, and Thompson (1928) in 
1926, that sugar might be contaminated with the spores of the thermo- 
philic bacteria, which are of significance as causes of spoilage in low- 
acid canned foods, was confirmed by James (1928), and in the same 
year was amplified by Cameron and Williams (1928) in a general 
survey of bacterial contamination of sugar. At first it appeared that 
the chief effect of the sugar was indirect. Through the use of con- 
taminated sugar some parts of the canning equipment became seeded 
with these bacteria, and under favorable conditions for their growth 
and sporulation they would develop to such an extent as to constitute 
a definite spoilage hazard. When sugars containing large numbers of 
flat-sour spores of high resistance were encountered, it seemed apparent 
that sugar might serve also as a direct source of spoilage bacteria. An 
experimental pack of corn with sugars of varying degrees of flat-sour 
contamination used by Cameron and Yesair (1931), clearly demon- 
strated the spoilage hazard inherent in the use of an ingredient con- 
taining large numbers of highly resistant spores. Thus the significance 
of sugar both as a factor in the ‘‘opportunist’’ type of spoilage and as 
a direct source of spoilage thermophiles was definitely established by 
1931. 

Prior to this time certain sugar producers had initiated independent 
and successful research on the elimination of thermophilic contamina- 
tion. When the tentative specifications for sugar for use in low-acid 
foods were announced early in 1931 by the Research Laboratory of the 
National Canners Association it was possible to purchase sugar guaran- 
teed to comply with them. 


EXPERIMENTAL WORK 
Originally Cameron, Williams, and Thompson (1928) had used 
yeast water agar as the basic medium for the detection and enumera- 
tion of flat-sour spores. In the announcement of specifications this was 
succeeded by nutrient beef extract agar as the recommended medium 
for this group. There was some uncertainty, however, as to whether 


*Present address: National Canners Association, Washington, D. C. 
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or not beef extract agar was the most satisfactory medium, and also 
some question as to whether the use of a dilution method with liquid 
media might not be a more satisfactory method of analysis than the 
plating technic which was also recommended. In order to clarify these 
points the work here reported was begun during the summer of 1931 
under the sponsorship of the Research Laboratory of the National 
Canners Association. The results were further checked during the 
winter of 1931-1932. In addition to the two chief points of interest 
mentioned above a few comparative tests were made of the effect of 
varying the time of exposure to heat of the sugar solution, of increasing 
the amount of sample used in preparing the 20-per cent solution, and a 
determination of the optimum concentration of indicator to use in the 
medium. 

The original method for sugar examination consisted of dissolving 
20 grams of sugar in sufficient sterile water to give a total volume of 
100 ml., boiling for five minutes in order to destroy vegetative cells 
and spores of such low resistance that they would not constitute a 
spoilage hazard, and restoring the volume with sterile water. Ten ml. 
of this sugar solution were evenly distributed among five petri dishes, 
each of which contained one ml. of a solution of 10 per cent dextrose 
and .08 per cent brom-cresol-purple indicator. Thus when 20 ml. of 
the basic medium were added, each plate contained .5 per cent dextrose 
and .004 per cent of indicator. Incubation was for 48 hours at 55° C. 
(131° F.). 

The flat-sour colony which develops on the surface of the medium is 
round, two to five mm. in diameter, and characteristically shows an 
opaque central spot. Because of acid production the colony is yellow 
and is surrounded by a yellow zone. Subsurface colonies are small and 
compact, even approaching the pin-point condition, and are likewise 
surrounded by a yellow zone. The count of such colonies obtained by 
the procedure given above represents the spores in two grams of sugar. 
This count is multiplied by five in order to obtain the ‘‘standard’’ 
count, which is given on a 10-gram basis. 

The results here reported include counts on three sugar samples 
representative of lightly, moderately, and heavily contaminated sugars. 
The basic plating media tested, each of which contained 1.5 per cent 
of Bacto agar, included beef extract agar containing .3 per cent beef 
extract and .5 per cent Bacto peptone; yeast extract agar, in which 
.3 per cent Bacto yeast extract was substituted for the beef extract of 
the preceding formula; Bacto dehydrated nutrient agar ; yeast infusion 
agar, prepared according to the method given by Cameron, Williams, 
and Thompson (1928); and a tryptie digest of casein. The liquid 
media had the same nutrient base as the solid media. The dextrose and 
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indicator were added before sterilizing. The reaction in all instances 
was approximately neutral. 

The casein digest medium was early compared with one per cent 
Bacto dehydrated tryptophane broth (now ealled Tryptone) solidified 
with 1.5 per cent of agar, and when similar results were obtained with 
this latter casein hydrolysate, preference was given to it in subsequent 
tests because of the greater ease of preparation of the medium and also 
because of the uniformity and ready availability of the product. There 
was nothing unusual about the preparation of any of the media. 

The sugar solutions were prepared and plated according to the 
technic described above. A sufficient quantity of solution was prepared 
to test each plating medium and each liquid medium. With the liquid 
media five tubes were inoculated with 2 ml., five with 1 ml., five with 
1 ml., and five with .01 ml. each of the solution, and observations made 
after 48 hours at 55° C. (131° F.) for acid production. Not more than 
one series of plate and tube inoculations was made from one flask of 
solution. Thus, with the three exceptions which are obvious in the 
tabulation presented below, each sugar was tested six separate times 
with each medium. The results secured from each analysis agreed 
closely enough to justify summation in one table without impairing 
the accuracy of the data. 

TABLE 1 
Counts Obtained with Different Solid Media 








Sugar 1 Sugar 2 Sugar 3 
Basic 
medium Plates Spores per Plates Spores per Plates Spores per 
counted 10 grams counted 10 grams counted 10 grams 
Beef extract 12 30 200 30 325 
Bacto nutrient agar 12 30 200 2 230 
Yeast extract 16 30 140 190 
Yeast infusion f 4 70 29 185 
Casein digest : 65 30 360 30 885 




















An examination of this table shows that the highest counts were 
obtained with the casein digest medium and the next highest with the 
beef extract agar and Bacto nutrient agar, which were of essentially 
equal value. These were closely followed by the yeast extract medium, 
while the lowest counts were noted with the yeast infusion medium. 
The superiority of the casein digest was manifest not only by the 
highest counts, but also by the fact that the colonies were larger and 
thus were more easily counted than those of the other mediums. 

The results with the experiments in which liquid media were inoeu- 
lated were so irregular as to defy comparison or analysis. It is possible 
that if a sufficiently large number of tubes were inoculated with each 
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of the different amounts of sugar solution and the results subjected to 
statistical analysis, some idea might be obtained as to the extent of 
contamination of the sugar under examination. Such a procedure 
would certainly be more time consuming and cumbersome, and would 
require more glassware, media, and incubator space than the plating 
technic. A single representative example may be cited to show the 
general type of the results obtained. 


TABLE 2 


Sugar 3 in Tryptone-Glucose-Brom-Cresol-Purple Broth 
(30 tubes inoculated with each amount) 








1 ml. 0.1 mi. 0.01 ml. Plate count 


+ = ~ 





+ —_ 885 in 10 grams 


4 26 10 20 9 21 





Caleulations of the standard count on the assumption that each 
positive tube was due to a single spore gave in all instances a lower 
count than was noted with the corresponding solid medium. This 
suggests the possibility that the development of the flat-sour spores is 
favored by the presence of agar in the medium. 

The results of the experiments on duration of the heating period 
may be summarized in a brief statement. There was no essential differ- 
ence between steaming the sample in an Arnold sterilizer and boiling; 
and the counts obtained after heating for 3, 5, 10, 20, and 30 minutes 
showed no greater differences than would be noted between two 
analyses of the same sugar. 

Repeated analyses of the same sugar sample with similar results 
in each instance speak for the idea that the contamination is fairly 
uniformly distributed throughout the sample. However, before many 
analyses had been made of the same sample, several tests were made 
comparing the count secured from a 20-per cent sugar solution made 
from 100 grams of sugar and one made from 20 grams. If there were 
unequal distribution of spores throughout the sample, then different 
counts should be obtained since the larger sampling would be more 
representative than the smaller. The results noted did not support 
such an idea since there was no significant difference between the 
counts. Thus both direct and indirect evidence indicates that the 
20-gram sample is adequately representative of the bacterial condition 
of the original material. 

A few counts made with varying amounts of brom-cresol-purple 
indicator added showed that with a concentration of less than about 
.002 per cent in the plates the color was too dilute to permit of counting 
with ease. The use of larger amounts of indicator did not cause any 
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inhibition but there seemed to be no advantage to the use of concentra- 
tions in excess of .004 per cent. With this concentration the rich purple 
background of the medium provides a striking contrast to the yellow 
acid colonies and consequently the counting of the plate is a very 
simple matter. 

The superiority of the Tryptone medium for the enumeration of 
flat-sour spores in sugar was confirmed in the Research Laboratory of 
the National Canners Association, and since 1932 it has been the 
medium recommended for the bacteriological examination of sugar 
for use in canning low-acid vegetables. The medium has also been 
found satisfactory for use in detecting flat-sour contamination of other 
materials than sugar. 

SUMMARY 


The superiority of casein digest as a basic plating medium for the 
detection of flat-sour spores was shown by comparative plate counts 
on a lightly contaminated, a moderately contaminated, and a heavily 
contaminated sugar. 

The use of a dilution technic with liquid media was not practicable. 

Heating the sugar solution for five minutes at boiling is adequate 
to destroy the low resistant spores, although as much as 30 minutes 
heating will not affect the count of significant forms. 

The use of a 20-gram sample for analysis gives an adequate index 
of the bacterial condition of a sugar. 

The optimum concentration of indicator was found to be .004 
per cent. 
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INTRODUCTION 


A recent development in the dairy business is the successful sale 
of bottled orange drinks as an adjunct to the distribution of fluid 
milk. This innovation has received sudden and widespread acceptance 
among milk distributors [Anonymous (1935), Fletcher (1935), 
Brooks (1935), Maughan (1935), Vandermyn (1935), and Mottern 
(1935)]. A survey (Anonymous, 1935) of the milk business pub- 
lished in the October, 1935 issue of the Milk Plant Monthly revealed 
that to the question, ‘‘Do you find it profitable and desirable to sell 
an orange drink?’’, the ratio of positive to negative answers was 
roughly three to one. 


Fletcher (1935) states that the cost for processing orangeade from 
concentrates was found to be .015 cents a gallon, against .035 cents 
a gallon for milk. 


A number of states have passed regulations regarding the compo- 
sition and processing of dairy drinks. Several states specify that an 
orangeade, to be called such, must be made from orange juice, sugar, 
and water in such proportions that the finished orange drink contains 
not less than 15 per cent of orange juice. A number of states and cities 
also require that orange beverages be processed in equipment (or 
rooms) not used for the handling of fluid milk. 


Goss (1925) and Nelson and Mottern (1933) reported respectively 
on the high vitamin-C poteney of vacuum concentrated and frozen 
orange juices. Koch and Koch (1932) found Orange-Crush beverage, 
if dispensed within 10 days after dilution of the concentrate, con- 
tained only six to seven units of vitamin C per ounce. 


We have seen no recent vitamin-C studies on reconstituted dairy 
orange beverages although vitamin-C content is undoubtedly of more 
significance than any other property and is the principal dietary 
essential in orange drinks. Furthermore, the vitamin-C content is a 
point often stressed in the selling of orange drinks. This study was 
carried out in order to furnish some much needed information as to 
the vitamin-C content of dairy orange beverages. 


Contribution No. 243, Massachusetts Agricultural Experiment Station. 
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PREPARATION OF ORANGE BEVERAGE BASE 


According to Mottern (1935) the orange juice is usually extracted 
on hand reamers, since machine pressing extracts too much oil from 
the rind. The extracted juice is screened, and color, sugar, and citric 
acid or lemon juice are added. This base is then deaerated as it flows 
over baffles in a thin film under a partial vacuum. After deaeration 
the product is flash pasteurized, then cooled to 76.7° C. (170° F.), 
and filled into special enamel-lined sanitary tin cans. The cans are 
immediately placed under a shower of cold water in order to cool the 
juice to cold-storage temperatures. 


Some juices are vacuum concentrated after pasteurization to give 
a higher juice content or to permit greater dilution. The concentra- 
tion is carried on in glass-lined vacuum tanks at a low temperature 
of about 36.7° C. (98° F.). The concentrated juice requires careful 
storage in a cool, darkened place to prevent darkening. 


The dairy orange beverages now being distributed contain from 
10 to 16 per cent of orange juice. The amount of lemon juice or citric 
acid added to the base is sufficient to give a final acidity of .3 to .4 
per cent in the finished beverage. The use of lemon juice for stand- 
ardizing the acidity increases the vitamin-C content of the beverage. 
The addition of color to the base becomes illegal after July 1, 1936, 
by Federal regulation. 


BIOLOGICAL ASSAY OF DAIRY ORANGE BEVERAGES 

The orange beverages were made up from the fresh concentrate 

or base according to direction furnished by the manufacturer. Fresh 
batches were made up every other day and stored at 2.2 to 4.4° C. 
(36 to 40° F.) in half-pint milk bottles sealed with cardboard caps. 


The standard assay technic of Sherman, LaMer, and Campbell 
(1922) was used, with the exception that the experiment was termi- 
nated- on the 74th day. Young guinea pigs weighing from 280 to 
350 grams were used in the experiment. All were gaining weight when 
placed on the dietary regimen with orange beverage as the sole source 
of vitamin C. In general the guinea pigs voluntarily consumed the 
beverages, though when as much as 30 ¢.c. daily was fed, occasionally 
some was left. By feeding twice a day this difficulty was overcome. 
All animals were autopsied and scored for scurvy lesions as suggested 
by Sherman, et al. (1922). 

Assays of canned and fresh orange juices are included for com- 
parison (Table 1). The two negative controls died of scurvy after 28 
and 30 days respectively. The Green Spot orange beverage samples 
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were considerably higher in vitamin C than either the Mission or Lash 
but were less than one-sixth as valuable as fresh orange juice. The 
samples of Dromedary canned orange juice examined were an excel- 
lent source of vitamin C. 


CHEMICAL TITRATION VALUES FOR ASCORBIC ACID 
IN DAIRY ORANGE BEVERAGES 

All the samples of orange beverages were evaluated for ascorbic 
acid (vitamin C) by the new chemical procedure of Bessey and King 
(1933). Fresh 2,6-dichlorophenolindophenol indicator was made up 
and standardized against pure ascorbic acid (redoxon). Several 
determinations were made on each sample so that the values as given 
in Table 2 should be reasonably trustworthy. Two distinct samples 
each of Green Spot and Mission were used. Pure Florida orange juice 
and Dromedary canned orange juice (Florida) were also used for 
comparison with the orange-type beverages. 


The iodine titration method for vitamin C recommended by Rey- 
nolds and Stevens (1934) of the Research Laboratory, California 
Fruit Growers’ Exchange, for citrus products was also used for the 
sake of comparison. The iodine solution was standardized against 
pure ascorbie acid. 


COMPARISON OF METHODS 


The direct comparative results obtained by the use of the two 


chemical methods and the biological assay agree very well. For 
example, fresh orange juice by the biological assay, dye, and iodine 
methods contained 235.4, 228, and 258 units respectively of vitamin C. 
For Green Spot Dairy Orange the three methods gave corresponding 
values of 35.0, 39.6, and 36.8 units of vitamin C. Within limits it 
appears that all three methods give reasonably accurate results. A 
further comparison of the two chemical methods is found in Table 3. 


RESULTS 

The best carriers of vitamin C are Dari-O, Green Spot, and Nesbitt. 
These contain only 16 to 23 per cent as much vitamin C as fresh orange 
juice (Table 2). Several of the dairy orange beverages contain so 
little vitamin C that they must be considered very poor sources of 
this vitamin. The synthetic Virginia Dare could hardly be classed 
with the other drinks because it is clearly a synthetic flavor and there 
is no claim that it contains either orange juice or vitamin C. The 
Dromedary canned orange juice was again practically as good a 
earrier of vitamin C as fresh Florida orange juice. 
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LOSS OF VITAMIN C DURING STORAGE OF 
DAIRY ORANGE BEVERAGES 

Since many dairy plant operators ordinarily do not make up these 
beverages fresh every day for the trade, the loss of vitamin C upon 
storage was determined for two of the products. The data are tabulated 
in Table 3. While cold-storage temperatures prevent rapid deteriora- 
tion, there is an appreciable loss in vitamin-C content even at 4.4° C. 
(40° F.) in 20 hours. At room temperature the losses are very great, 
showing that these beverages lose much of their vitamin C unless 
consumed soon after manufacture from the concentrate. 


In general the flavor was well retained in these beverages for at 
least two days in the cold-storage room. 


SUMMARY 
1. There is good agreement between the biological assay method 
on the one hand and the 2,6-dichlorophenolindophenol and iodine 
titration methods on the other for the determination of vitamin C 
(ascorbic acid) in orange beverages. Of the two chemical methods 
used, iodine titration gave more constant and easily reproducible 
results than the dye method. 


2. Twelve samples of ten different dairy orange beverages when 
examined for ascorbie acid content by the dye and iodine methods 
showed ascorbic acid values of from .003 to .093 mg. per gram, corres- 
ponding to from .2 to 53 units of vitamin C per ounce. For comparison 
fresh orange juice contained 228 to 258 units and canned orange juice 
somewhat over 200 units. 


3. Reconstituted dairy orange beverages rapidly lose their vitamin 
C upon standing at room temperatures. This loss at cold-storage tem- 
perature is much less, but is still considerable. 


CONCLUSIONS 
While some dairy orange beverages are fair antiscorbuties, they 
contain on the average only 10 per cent as much vitamin C as fresh 
orange juice. Many dairy orange beverages cannot even be considered 
satisfactory substitutes for fresh or canned orange juice as carriers of 
vitamin C. 
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For some time peas have been regarded as a good source of vitamin 
C. The ascorbic acid content has varied from .14 mg. per gm. reported 
by McHenry and Graham (1935) to .25*° mg. per gm. reported by 
Eddy, Kohman, and Carlsson (1926). In the first paper of this series 
written by Tressler, Mack, and King (1936) it was suggested that 
discrepancies in the recorded data on the vitamin-C content of spinach 


TABLE 1 
Biological Assay of Vitamin C in Peas 








Vitamin-C Average 
content of | Vitamin Average gain 

Basal diet peas fed Cc No. of wt. at during Scurvy 
supplement as deter- fed animals begin- 14-day score at 
mined by per day ning of test autopsy 
titration test period 





mg. 
per gm. mg. gm. gm. 


Alderman peas 0.23 0.5 323 57 
Thomas Laxton peas 0.24 0.5 323 34 
Ascorbic acid soln. — 1.0 310 67 
Ascorbic acid soln. -— 0.5 311 41 
Unsupplemented —_ 0.0 329 —113 19 























might be attributed to a lack of consideration of several significant 
factors affecting the ascorbic acid content of that vegetable. In the 
case of spinach some of the more important factors were found to be 
variety, freshness, and types of soil. 

A study of the influence of these and other factors on the ascorbic 
acid content of the other common vegetables has been commenced. 
The work reported in this paper was undertaken in order to determine 
the relative importance of some of these factors on the ascorbic acid 
content of peas. 


*Approved by the Director of the New York State Agricultural Experiment 
Station for publication as Journal Paper No. 120, February 5, 1936. 

*Presented before the Division of Biological Chemistry at the 91st Meeting of 
the American Chemical Society on April 14, 1936. 

*Calculated on the assumption that .5 mg. of ascorbic acid per day is required 
for protection of a guinea pig from scurvy. 
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EXPERIMENTAL WORK 

Methods: The 2,6-dichlorophenol-indophenol titration method as 
described by Bessey and King (1933) was employed. On two samples 
the results of the chemical method were confirmed by biological assays 
made according to the modified 14-day curative test described by 
Tressler, Mack, and King (1936). The results indicate good agree- 
ment between the two methods (Table 1). 

Variety Studies: Seventeen varieties of peas grown on Ontario clay 
loam soil at Geneva, New York, were harvested and analyzed immedi- 
ately for ascorbic acid. From the data recorded (Table 2) it may be 


TABLE 2 
Influence of Variety on Ascorbic Acid Content of Mature Peas 








Size of Date of Ascorbic acid 
Variety seed maturity content of 
(picking date) fresh peas 





Mammoth Melting Sugar mg. per gm. 
Whole pods — 7/11 0.39 
Shelled peas Small 7/11 0.40 

Small 6/26 0.34 
Small 6/26 0.32 

Surprise Small 77 2 0.30 

Canning Queen Small 7/ 3 0.29 

Meteor Medium 6/26 0.29 

Gregory Surprise Small 6/25 0.28 

American Wonder Medium 6/25 0.27 

Thomas Laxton Large 7/ 3 0.26 

Foremost Medium 6/26 0.26 

Early Gilbo Large 7/9 0.25 

Miracle Medium 7/ 6 0.25 

Large 7/12 0.24 
Medium 7/10 0.22 
Large 7/1 0.21 
Large 7/13 0.21 
Large 7/16 0.19 





noted that in general the small-seeded varieties contained more ascorbic 
acid than the larger-seeded peas. Also there appears to be some cor- 
relation between early maturity and high ascorbic acid content. The 
outstanding exception is the Mammoth Melting Sugar, an edible pod 
type very different in nature from the other varieties tested. Of the 
three important varieties of canning peas tested, the Alaska and the 
Surprise were relatively high in vitamin C, but the Perfection, a 
larger-seeded and later-maturing variety, was comparatively low. 
Two or more analyses of each variety exhibited close agreement 
in all eases. These results are not in accord with those of Fellers and 
Stepat (1935) who reported variations in the ascorbic acid content of 
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peas to be almost as great within certain varieties as between different 
varieties. From this they conclude that five varieties, Thomas Laxton, 
Alderman, Alaska, Onward, and 100-Fold, are similar in ascorbic acid 
content. However, ascorbic acid contents of .217 (100-Fold) or .301 
(Onward) milligram per gram can scarcely be said to be similar to 
.397, .434, and .434 milligram per gram, reported for the other three 
varieties. 

The data (Table 2) were obtained from peas which had been grown 
under very similar conditions, different varieties being harvested from 
adjacent plats in the same field. Duplicate samples of Alderman peas 
harvested on six different days contained .24, .24, .25, .29, .24, and .25 


TABLE 3 


Influence of Maturity on the Amount of Vitamin C 
in Several Varieties of Peas 








Ascorbic acid content of peas 
at each stage of maturity 
Variety le 
— ~~ 
Immature Mature Overmature 








Mammoth Melting Sugzur mg. per gm. mg. per gm. mg. per gm. 
Whole pods 0.44 0.39 0.28 
Shelled peas 0.44 0.40 0.29 

Alaska 0.41 0.34 0.29 

Surprise 0.39 0.30 0.18 

Canning Queen 0.36 0.29 0.19 

President Wilson 0.33 0.21 0.12 

Perfection 0.31 0.22 

0.30 0.26 0.20 

0.29 0.25 ~- 

0.29 0.24 0.20 

0.24 0.21 0.17 











milligram of ascorbic acid per gram of peas. Similar small differences 
were found in eight samples of Thomas Laxton peas, which is about 
what one would expect from samples collected at slightly different 
stages of maturity. The samples examined by Fellers and Stepat 
were collected from two widely separated localities, Bridgeton, New 
Jersey, and Albion, New York, so that the growing conditions were 
considerably different. Although overmature and immature peas were 
disearded, it appears that no especial care was exercised in sampling to 
obtain an average sieve size. It is shown later in the present paper that 
different sized peas sieved from the same sample vary greatly in their 
ascorbic acid content. 


It would appear, therefore, that under controlled conditions a 
given variety of peas will contain a constant and reproducible amount 
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of ascorbic acid. It should be noted that the results reported in this 
communication were obtained during the season of 1935 and represent 
a single set of growing conditions. It is believed that the comparison 
of the ascorbic acid content of the different varieties shown (Tzble 2) 
is valid for the particular set of experimental conditions. The authors 


TABLE 4 
Influence of Sieve Size of Canning Peas upon Their Ascorbic Acid Content 








SURPRISE VARIETY 


Pct. of total wt. Ascorbic acid 
in this size mg. per gm. peas 


6 7.0 0.208 
5 40.9 0.220 
32.0 0.282 

13.9 0.274 

5.0 0.321 

1.2 0.322 


Sieve size 


Maturity index 
Average sieve size* = —————————__ > 4.3. 
100 


Graphically, from above figures, sieve size 4.3 corresponds to .246 mg. per gm. 
Run of pod—Average of 2 determinations gives .253 mg. per gm. 


PERFECTION VARIETY 


Pct. of total wt. Ascorbic acid 
in this size mg. per gm. peas 


23.1 0.197 
34.2 0.210 
23.2 0.259 
13.1 0.275 
4.8 
1.6 


Sieve size 


Maturity index 
Average sieve size* = ————————_—_ > 4.5. 
100 
Graphically, from above figures, sieve size 4.5 corresponds to .232 mg. per gm. 
Run of pod—Average of 2 determinations gives .217 mg. per gm. 





Kortems (i888)" from above data by the method of Boswell (1929), and of Horsfall and 
wish to emphasize the fact that the relative order of the varieties 
listed may not be the same under any other conditions of growth. It is 
planned to continue this phase of the work with plants grown in the 
greenhouse under various controlled conditions. 

Maturity Studies: The influence of maturity on the vitamin-C con- 
tent of 10 varieties of peas is shown (Table 3). In every instance the 
vitamin-C content decreased with increasing maturity. It is probable, 
however, that the actual amount of ascorbic acid did not decrease with 
growth, but that the relative percentage decrease in vitamin C may 
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be ascribed to a coincident large increase in the carbohydrate con- 
stituents of the pea. 

Sieve Size Studies on Canning Varieties: Inasmuch as it was found 
that the percentage of ascorbic acid in peas decreased with increasing 
maturity, a study of the vitamin-C content of the different sieve sizes 
of the common varieties of canning peas was made. The results indicate 
that in a given variety the larger the peas, the lower the percentage 
of ascorbic acid (Table 4). 

Storage Studies: Peas in the pods were held for six days at vari- 
ous temperatures. Alderman, Perfection, Thomas Laxton, Surprise, 
Alaska, Dwarf Alderman, and Stratagem varieties were examined. The 
results obtained with all varieties were essentially the same. There 
was almost no loss in vitamin C during storage at 1 and 9° C., but at 
18 and 22° C. very considerable losses were observed. The superior 
quality of peas stored under refrigeration is well known, and it is 
interesting to note that such treatment also is useful in conserving their 
original vitamin-C potency. 


SUMMARY AND CONCLUSIONS 

Variety was found to be an important factor in determining the 
ascorbic acid content of peas. Several varieties contain nearly twice 
as much vitamin C as other varieties grown on the same soil under 
similar conditions. In general it may be noted that the early small- 
seeded varieties were better sources of vitamin C than the late large- 
seeded varieties. 

As peas mature the percentage of ascorbic acid decreases. In a 
given variety the percentage of ascorbic acid was inversely proportional 
to the sieve size of the peas. 

Peas in the pod held at ordinary room temperatures lose their 
vitamin-C content rather rapidly. Refrigeration reduces the rate of 
loss very considerably. 
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INTRODUCTION 


While millions of custard-filled baked products are consumed an- 
nually, there have been occasional instances of food-poisoning outbreaks 
in which staphylococci have been found to be the causative agent and 
which have been traced to such products. Custard-filled puffs, choco- 
late éclairs, and Boston cream pies have been chiefly involved. In 
practically all cases the offending portion has been found to be the 
custard filling. Because of the nature of the ingredients used in the 
making of custards, namely sugar, milk, eggs, and starch, such fillings 
offer ideal conditions for bacterial multiplication. 

Refrigeration in itself is not a complete solution to the problem. The 


products may become contaminated during manufacture and the 
organisms lie dormant during refrigeration. Unless the custard-filled 


goods are refrigerated after purchase by the housewife, incubation for 
a few hours at room temperature is sufficient time for the organisms 
to multiply and elaborate their toxin. In addition, such factors as 
amount of contamination and time interval between contamination and 
refrigeration have an important bearing on their subsequent growth 
in the custard. 


Results with a heat-treating method are here reported which should 
reduce the danger of food-poisoning from custard-filled puffs and 
éelairs. Certain properties of the custard and the shell make this 
method possible. 


MATERIALS AND METHODS 


Custard: A standard custard was used throughout these experi- 
ments. A quart mix was prepared as follows: A first portion consisting 
of 34 quart of milk and 8 ounces of sugar was brought to a boil. To 
the first portion was then added, with constant stirring, the second 
portion consisting of 3 ounces of starch, 2 eggs, 14 ounce of vanilla, 
and 14 quart of milk. The latter ingredients were mixed to a paste 


*Funds for this research were granted by the Joint Committee on Food Protec- 
tion of The American Bakers Association and The Associated Bakers of America. 
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before their addition to the first portion. The mixture was then allowed 
to reach a second boil, after which it was placed in the refrigerator. 


Shells: Two types of batters were employed in the preparation of 
shells for the puffs and éclairs. One contained milk, the other egg 
whites. The procedure for preparing a pint mix was as follows: % 
pound of hydrogenated shortening wes added to a pint of water and 
the mixture brought to a boil. Twelve ounces of flour, consisting of 
two parts hard and one part soft wheat flour, were then stirred into 
the boiling mix. The mixing was continued in a 12-quart bench-type 
mixer while 1 pint of whole eggs was then added very gradually. Up 
to this point the preparation of both types of shells was identical. 
From here either milk or egg whites may be added to secure the desired 
consistency for baking. About 14 ounce of ammonium carbonate is 
added with the milk or egg whites in preparing batters for puffs and 
half the amount mentioned for éclairs. The batter for the puff shells 
was dropped by hand on greased flour-dusted pans. For chocolate 
éclairs a pastry bag was most convenient.’ The baking temperature was 
232.2° C. (450° F.). The yield was 50 to 60 shells for puffs and the 
same number for éclairs. The average weight of each shell was 1% 
ounce. 

The custard may be put into shells with a spoon, a pastry bag, or a 
filling machine. For éclairs the latter is most convenient. Each shell 
was filled with 2% ounces of custard. 


Bacteriological Procedure: The test organism used throughout these 
experiments was a hemolytic strain of staphylococcus aureus isolated 
from a cake and proved to be the cause of an outbreak of food-poisoning 
in Milwaukee in November, 1930. 


One hundred thousand organisms were inoculated per gram of 
custard. Bacterial counts were made as follows: 25 grams of custard 
were emulsified in 100 ¢.c. of sterile water with a motor stirrer. The 
average volume of such an emulsion was 123 ¢.e. Decimal dilutions 
of this emulsion were plated using blood agar. The plates were in- 
cubated at 37° C. (98.6° F.) for 48 hours and the counts recorded on 


the basis of organisms per gram of custard. 


EXPERIMENTAL WORK 


Briefly the method described here applies the principles of pas- 
teurization to the custard-filled puff and éclair. Ordinarily the process 
of manufacture is completed when the products are filled with custard 
and sprinkled with powdered sugar or dipped in chocolate icing. In 
the method used in this experiment the filled puffs or éclairs were 
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returned to the oven and reheated to a temperature sufficiently high to 
kill all the staphylococci. During this processing the custard does not 
undergo any marked softening and the shell remains dry. Whether 
the shell browns markedly or chars will depend upon the temperature 
of the oven, the time of exposure, the composition of the shell, and 


PuaTe 1. Filling machine for introducing custard into shell of puff or éclair. 
The puff shell is filled from the top, the éclair shell from the top near one end. The 
experimental covered deep pan (uncovered) is in the foreground. 


how the shell is protected from the direct heat of the oven. The 
changes that take place in the shell after its removal from the oven 
will depend on cooling conditions, its moisture content, and how 
thoroughly the shell was baked before it was filled with custard. 


The experimental work covered a range of temperatures usually 
found in bakeries, from 190.6 to 246.1° C. (375 to 475° F.) inclusive. 
A thermostatically controlled small electric oven having a capacity of 
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two bun pans (each pan measuring 18 by 24 inches) was employed in 
these experiments. Preliminary work showed that the filled shells with- 
stood a temperature of 190.6° C. (375° F.) for 30 minutes without any 
increase in browning whether milk or egg whites were used in the 
batter. At higher temperatures, however, protection from the direct 
heat of the oven was necessary, and shells made without milk were 
essential. 


The puff or éclair was filled with custard by means of a filling 
machine in common use in the baking industry (Plate 1). The puff 
shell was filled from the top, the éclair from the top but near one end. 
The oval opening left by the filling machine usually measures .5 cm. 
by 1.5 em. Once filled the enclosed custard was no longer exposed to 
human contamination. Each individual puff or éclair was placed in an 


TABLE 2 
Staphylococci in Reheated Custard Puffs 




















Time Oven temperatures 

atautie 190.6° C. (375° F.)| 204.4° C. (400° F.) | 218.3° C. (425° F.)| 232.2° C, (450° F.) 
15 1,308,700,000 1,107,000,000 1,318,600,000 3,001,000,000 
20 743,000,000 986,900,000 0 0 
25 0 0 0 0 

















Control: 349,000,000. 


8-inch cake tin and covered with a small aluminum mixing bowl (61% 
inches wide, 4 inches deep). Six such units were placed on a bun pan 
in the oven. These were removed at intervals of 5 minutes. Imbedded 
in the custard within the shell were maximum thermometers having a 
range of 60 to 104.4° C. (140 to 220° F.). 


RESULTS 

The heat penetration was more rapid through the custard in the 
éclair than in the puff, as would be expected on account of the shape of 
the former. All the shells were made with egg whites instead of milk. 
Temperatures of 190.6° C. (375° F.), 204.4° C. (400° F.), and 218.3° C. 
(450° F.) were well tolerated for 30 minutes. At 232.2° C. (450° F.) 
heating could not be continued for a longer period than 20 minutes 
in the case of puffs without excessive browning of the shell or char- 
ring of any custard adhering to the outside of the shell. The éclairs 
withstood 232.2° C. (450° F.) for 25 minutes without marked changes 
in the shell, although the custard was extruded to some extent. The 



























TEMPERATURE °F. 









data (Table 1) show that at 190.6° C. (375° F.) 204.4° C. (400° F.), 
and 218.3° C. (425° F.) the period necessary to kill staphylococci 
would be in the neighborhood of 30 minutes for puffs and éclairs. 
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The bacteriological data (Table 2) show that under the conditions 


of the experiment all the staphylococci are killed in 25 minutes at 
190.6° C. (375° F.), in 25 minutes at 204.4° C. (400° F.), in 20 minutes 
at 218.3° C. (425° F.), and in 20 minutes at 232.2° C. (450° F.). 
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Fig. 1. Temperatures Inside Puffs During Reheating. 
Uneovered—30 Minutes—190.6° C. (375° F.) 


All the puffs were incubated at 37° C. (98.6° F.) for 24 hours. The 
plates were incubated for 48 hours, then the counts were made. 


EXPERIMENTS WITH A PRACTICAL SET-UP 
In order to place this method on a more practical basis a covered 


pan was devised (Plates 1 and 2). This consisted simply of two bun 
pans, one inverted over the other and separated from each other by a 
rectangular rim of vertical sides. The rectangular rim was 4 inches 
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high, 154% inches wide, and 23% inches long. This improvised pan 
held 18 puffs or éclairs arranged in three rows with six in each row. 
Temperature readings were taken on five puffs in the middle row using 
iron-constantan thermocouples. The puff or éclair showing the mini- 
mum-maximum rise in temperature was selected for illustration. Fig- 
ures 1, 2, and 3 give the curves obtained at 190.6° C. (375° F.) oven 
temperature and 30 minutes exposure with uncovered and covered 











PLATE 2. The experimental deep pan with cover and the wire icing grate used 
for cooling the products. 


puffs and covered éclairs. Room temperature was 26.7° C. (80° F.) 
and the initial temperature of the custard in the products was 21.1° C. 
(70° F.). The curve obtained with uncovered puffs shows a maximum 
rise of 75° C. (167.5° F.) at the end of 36 minutes. It is interesting to 
note that the maximum temperature in the custard was reached after 
the products were taken from the oven and allowed to cool on a wire 
icing grate (Plate 2) at room temperature. The second curve with 
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covered puffs reaches a maximum of 78.5° C. (173.5° F.), while the 
third curve obtained with covered éclairs shows a maximum rise of 
81.6° C. (178.5° F.) after 36 minutes. The bacteriological data sup- 
porting the curves is shown in Table 3. 

At 190.6° C. (375° F.) oven temperature a period of 30 minutes 
is necessary for killing Staphylococci; at 204.4° C. (400° F.) and 
218.3° C. (425° F.), 25 minutes; and at 232.2° C. (450° F.), 20 min- 
utes. Data above 232.2° C. (450° F.) are not given because higher 
temperatures tend to char the shell of the puff or éclair. The figures 


TABLE 3 
Staphylococci in Reheated Custard Puffs under Practical Baking Conditions 








Time Oven temperatures 


in 
minutes | 190.6° C. (375° F.)| 204.4° C. (400° F.)| 218.3° C. (425° F.)| 232.2° C. (450° F.) 








per gram 


Counts not 
made at this 
time interval 


per gram 


Counts not 
made at this 
time interval 


per gram 


Counts not 
made at this 
time interval 


per gram 
1,634,000,000 
2,214,000,000 
1,619,000,000 
1,756,000,000 
1,550,000,000 





Counts not 
made at this 
time interval 


82,700,000 
159,900,000 
163,400,000 
177,000,000 
482,100,000 


10,037,000 
27,060,000 
3,700,000 
394,000,000 
24,600,000 


All negative 





5,900 

3,400,000 

Three puffs 
were negative 


All negative All negative All negative 





All negative All negative All negative All negative 

















Control: 370,000,000 


shown are counts obtained with custard-filled puffs incubated 48 hours 
at 37° C. (98.6° F.). 

A temperature of 190.6° C. (375° F.) for 30 minutes is well toler- 
ated by shells made either with milk or with egg whites; nor is any 
protection from the direct heat of the oven necessary at this tempera- 
ture. Thus at 190.6° C. (375° F.) the baker needs only to return 
filled shells to the oven in an ordinary bun pan. At higher temperatures 
excessive browning occurs unless egg whites are substituted for milk 
in the manufacture of the shell. Using the improvised pan described 
above puffs and éclairs withstood a temperature of 218.3° C. (425° F.) 
for 30 minutes without any injury to the product from the standpoint 
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of saleability. A recommendation for routine use would be 30 minutes 
at temperatures ranging from 190.6° C. (375° F.) to 218.3° C. 
(425° F.). 
CHANGES IN PUFFS AND ECLAIRS DURING COOLING 
After removal from the oven the puffs and éclairs were immediately 
placed on wire icing grates (Plate 2). Some softening of the shell may 


occur during the cooling process but this is not serious and is in no way 
different from that seen when they are filled in the usual manner 
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Fig. 2. Temperatures Inside Puffs During Reheating. 
Covered—30 Minutes—190.6° C. (375° F.) 


now in practice in commercial bakeries. It is essential, however, that 
the puffs be placed on a grating to insure good circulation of air; 
otherwise the bottoms of the shells sweat and become soggy. If the 
puffs and éclairs are properly cooled the shells will retain their crisp- 
ness. 

It is important to use thoroughly baked shells. Under-baked shells 
tend to soften and the inside never acquires a complete bake on 
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reheating because of the cooling effect of the enclosed custard. We 
have found one-day old shells very satisfactory when treated by this 
method. The crispness is renewed by the reheating of the custard. 
This should be an advantage to the baker who prepares his shells 
some days in advance. Consumer tests with reheated puffs and éclairs 
have been very satisfactory. 
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Fig. 3. Temperatures Inside Eclairs During Reheating. 
Covered—30 Minutes—190.6° C. (375° F.) 


SUMMARY 


The control of staphylococci in custard-filled bakery goods is a 
serious public-health problem. 

We are reporting a simple method of reheating custard-filled puffs 
and éclairs for a time and temperature sufficient to kill staphylococci 
without impairing the flavor or appearance of the product. This 
principle of heating foods is old and its public-health significance has 
been well established as, for example, in the pasteurization of milk. 
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INTRODUCTION 


In the fall of 1932 the Extension Division of West Virginia Uni- 
versity asked the cooperatior of the Department of Agricultural 
Chemistry in finding conditions suitable for the storage of black- 
walnut meats that had been removed from the shell. Difficulty had 
been experienced by purchasers in keeping the kernels fresh and palat- 
able, and losses had occurred, owing to the development of rancidity, 
which rendered the product unfit for use. This was true particularly 
for kernels that had been kept on hand for some months and more 
especially for those that were retained during the warm summer 
months. 

A review of the literature revealed little specific information relat- 
ing to storage conditions for black walnuts, but the problem seemed 
to be a special phase of the more general one involving storage of 
fatty or oily food products and the retardation or prevention of ran- 
cidity in this class of materials. 

There is considerable literature bearing upon the general problem 
of rancidity and dealing with oils and fats of both plant and animal 
origin. In recent years several investigators have added to the knowl- 
edge in this field. 

MATERIALS AND METHODS 

Among the various factors involved in the keeping-quality of oily 
foods moisture, temperature, light, and the presence or absence of 
oxygen (or air) appear to be of greatest importance. 

In the present investigation it was hoped that some simple method 
of retarding rancidity might be discovered which could be utilized 
without necessitating the use of expensive or elaborate equipment. 
Early in January, 1933, some nuts were secured from Pendleton 
county. These were cracked, carefully sorted, and mixed within as 
short a time as the work could be conveniently done; and care was 
taken to protect the nuts from undue exposure to light or to warm 
temperatures. As removed from the shell the kernels were found to 
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contain 9.62 per cent moisture. This was considered too high for 
satisfactory storage, so they were spread in a thin layer on a table 
before a fan in a darkened room and dried for 24 hours at room tem- 
perature. At this time they seemed to be sufficiently dry for storage 
and a subsequent test showed that the moisture had been reduced to 
4.14 per cent. 

Various treatments were tried involving three different storage 
temperatures, two different moisture contents, and several different 
types of atmosphere in the storage container. Three different kinds 
of containers were tried. At first small, two-ounce, wide-mouth glass 
bottles closed with metal screw-caps lined with lacquered cardboard 
disks or similar bottle. closed with rubber stoppers, and sealed glass 
exhaust tubes were used. Later, sealed eight-by-one-inch glass test 
tubes served as gas-tight containers. 

The storage temperatures were as follows: 

1. Ordinary unheated cellar storage—temperature range —8.3 to 
26.7° C. (17 to 80° F.). 

2. Fruit storage—range 0.6 to 2.2° C. (33 to 36° F.). 

3. Freezing storage—range —17.8 to —12.2° C. (0 to 10° F.). 

The storage rooms were dark except for artificial light during use. 
Atmospheric media within the containers were as follows: 

1. Air. 

2. Nitrogen. 

. Vacuum (2 inches of mereury pressure at room temperature). 
. Hydrogen. 

. Carbon dioxide. 

. Vapor of ethyl alcohol. 

In addition to these, partial desiccation (moisture content reduced 
from 4.14 to 2.59 per cent by drying in vacuo for 40 hours at room 
temperature and 1-inch pressure) also was tried. 

The air, nitrogen, and vacuum treatments were tried under all 
three storage temperatures. Hydrogen, carbon dioxide, alcohol, and 
partial desiccation treatments were tried only under ordinary cellar 
and fruit storage temperatures. 

The various gaseous atmospheres were obtained in the screw-cap 
containers by placing the containers, with lids loosely in place, in a 
vacuum chamber at room temperature. The air was then exhausted 
and the desired gas was admitted to normal atmospheric pressure. A 
second exhaustion and introduction was carried out to insure removal 
of the air. The chamber was then opened and the lids were rapidly 
fastened in place. In the case of aleohol vapor it was necessary to read- 
mit a considerable fraction of air in order to return the pressure within 
the containers to normal atmospheric value. 
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The vacuum containers, including both rubber-stoppered glass 
bottles and test tubes, were attached directly to the vacuum pump and 
sealed off with a flame while being evacuated. Most of the test tubes 
failed to withstand the treatment and were discarded. 


The method of evaluating results originally depended upon a 
‘*tasting’’ squad of five to seven persons who worked independently 
and classified the flavor of the stored kernels as excellent, fair, poor, 
or objectionable. This method admittedly involves a personal factor 
with accompanying inconsistencies, and it was supplemented later 
by a modified Kreis test for rancidity on samples of expressed oil. 


RESULTS WITH SAMPLES STORED IN SCREW-CAP BOTTLES 

A preliminary trial on drying for 36 hours in vacuo at room tem- 
perature gave no appreciable effect on flavor, but drying for a similar 
period at 75° C. (167° F.) developed a noticeably stronger flavor 
similar to that secured with aging. This must have been some effect 
other than oxidation—perhaps an increased enzymatic activity with 
rise in temperature—since oxygen was so nearly lacking. In the first 
experiment the samples in glass bottles were placed in storage on 
January 5, 1933. Samples were withdrawn four times during the 
first year, and twice during each of the two succeeding years. 

Ordinary Cellar Storage: In ordinary cellar storage the kernels 
kept well until the hot summer months, when deterioration set in. 
Those stored in air, whether partially desiccated or not, were first to 
show signs of deterioration. Throughout the course of the experiment 
reduction in moisture content from 4.15 to 2.59 per cent, with sub- 
sequent storage in air, was without effect on keeping quality. Partial 
desiccation was not tried in connection with other treatments. The 
treatments showing up to best advantage in ordinary cellar storage 
were nitrogen, vacuum, and hydrogen. Kernels from these treatments 
still graded ‘‘fair’’ at the beginning of the second summer (May, 
1934) but by October of that year all had passed to the objectionable 
stage. It should be pointed out that the results might have been some- 
what different if the nuts had been stored in air-tight containers. 
The maximum and minimum thermometer showed an extreme range 
of 35° C. (63° F.) [—8.3 to 26.7° C. (17 to 80° F.)] with moderate 
fluctuations from day to day and week to week. In warm weather 
the atmosphere within the containers undoubtedly expanded and 
later was partly replaced by air from the outside when the containers 
cooled. Later experiments involving similar treatments but with 
storage in sealed glass containers gave better results as to keeping 
quality. Another disturbing factor not anticipated was an apparently 
slow transfer of enclosed gases from the rubber stoppers into the 
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kernels stored in some of the vacuum containers. This resulted in 
objectionable off-flavors and odors first noticeable in the ordinary cellar 
storage and later also in some of the colder storages. 

Fruit Storage: In this storage where the temperature was main- 
tained continuously near the freezing point, the kernels under all 
treatments held uy, better than in ordinary cellar storage. At the 
end of the second summer those stored in nitrogen, hydrogen, and 
carbon dioxide were still in excellent condition; and even after three 
years in storage (December 12, 1935) the nitrogen-treated samples 
were in excellent condition, while those treated with hydrogen and 
carbon dioxide graded fair. Other treatments were not satisfactory 
beyond the first year in storage. 

Storage Below Freezing: Only three treatments were tried below 
freezing temperatures—storage in air, nitrogen, and vacuum. In 
nitrogen and in vacuum the samples kept in excellent condition 
throughout the three-year storage period. Even air-stored kernels 
never graded lower than fair during this time. 

Kreis Test: Before the end of the second year it was apparent that 
the organoleptic method of measuring results was not all that could 
be desired, especially where several individuals participated in the 
final rating of the sample. Duplicate samples and even different 
portions of the same sample, disguised by unlike notation, were some- 
times given different ratings. Likewise the same sample under a differ- 
ent notation might be repassed through the tasting squad and 
occasionally given a higher or lower grade than that received on the 
first round. Because of these occasional inconsistencies the Kreis test 
was introduced at the beginning of the third year and the number of 
persons tasting the samples was reduced to two or three. The Kreis 
test was made on five-cubic-centimeter volumes of expressed oil and 
the samples were divided into four groups, depending upon whether 
the color reaction was strong, moderate, weak, or lacking. Most of the 
samples of oil were clear as drawn from the press; those which were 
not clear were centrifugalized for a few minutes to remove the sus- 
pended matter. By the third year kernels from all treatments held in 
ordinary cellar storage, except nitrogen, gave the Kreis test in strong 
to moderate degree. For the nitrogen-treated samples the test was 
negative. At fruit-storage temperatures the test was positive in mod- 
erate degree for the air and partial desiccation treatments, while 
aleohol-vapor and carbon-dioxide treatments resulted in tests of 
lesser degree. Other treatments showed negative tests. Storage at 
temperatures below freezing gave negative tests for the nitrogen and 
vacuum treatments and weak or negative tests for the samples stored 
in air. 
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RESULTS WITH SAMPLES STORED IN SEALED GLASS TUBES 


For reasons already mentioned it seemed desirable to repeat most 
of the treatments in air-tight containers. Accordingly several pounds 
of high-quality kernels from nuts grown in Canaan Valley, Randolph 
county, were carefully sorted and placed in large glass test tubes. The 
latter were then drawn out, cooled, evacuated, filled with the desired 
gases, again evacuated and refilled, after which they were sealed off 
with a flame. The treatments used were nitrogen, hydrogen, carbon 
dioxide, four drops of ethyl aleohol plus nitrogen to replace the air, 
and vacuum. Only a few vacuum tubes could be prepared, even when 
Pyrex glass was used, because of collapse on sealing. Ordinary cellar 
and fruit-storage temperatures only were used in this experiment. 
The samples were prepared and placed in storage on February 5, 1934. 
Samples were withdrawn on October 18, 1934, and June 8 and Decem- 
ber 26, 1935. The Kreis test was applied to these samples, also, in 1935. 

Briefly stated the results obtained with samples stored in sealed 
glass tubes were generally superior to those obtained from storage in 
serew-cap bottles. At ordinary cellar temperatures kernels stored for 
two years in an atmosphere of either nitrogen or hydrogen retained 
their flavor well, graded fair or excellent, and gave a negative Kreis 
test. At temperatures near the freezing point nitrogen, hydrogen, and 
carbon-dioxide treatments all yielded kernels of excellent flavor and 
negative Kreis test. 

DISCUSSION 

In these trials it has been found possible to prevent or satisfactorily 
retard the development of rancidity in black-walnut kernels over a 
period of two or more years by storage under suitable conditions. 
Disregarding the effect of light, which is believed to have been largely 
or entirely eliminated in these experiments, temperature of storage 
and the presence or absence of free oxygen appear to be important 
factors in determining the keeping-quality of the kernels. Any treat- 
ment which includes reduced temperature and exclusion of air or 
oxygen assists in preserving the original flavor of the nut meats. 
Perhaps the simplest method generally available is to pack the kernels 
closely in air-tight containers, replace the air with nitrogen, and store 
at temperatures near the freezing point. Vacuum, carbon dioxide, or 
hydrogen might be substituted for the nitrogen, but in general the 
latter gave the most satisfactory results in the trials herein described. 
These results are in general agreement with those reported by Black- 
mon (1933) for the storage of pecan kernels at the Florida Agricul- 
tural Experiment Station. In some work earried out in Florida 
(Abbott, 1932) unshelled nuts coated with water-glass or collodion 
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became rancid as soon as untreated nuts. The oxygen content of the 
shells made prevention of rancidity more difficult in unshelled than in 
shelled nuts; and pecan varieties with large air spaces in the shells 
became rancid more quickly than those in which the ratio of air space 
to kernel was small. 

In the work with black walnuts no storage trials with unshelled 
nuts were conducted. Although there is no direct evidence bearing 
on the point it seems probable that methods of handling and storage 
of the unshelled nuts prior to cracking and placing the kernels in 
storage would influence the subsequent keeping quality of the meats. 
No doubt cool temperatures, absence of light, and reduced air exchange 
for the yet unshelled nuts likewise delay the onset of rancidity when 
the kernels are stored later. 

Of the various treatments used, those least satisfactory were partial 
desiccation, air, and aleohol vapor with either air or nitrogen. The 
presence of alcohol vapor, like the presence of air, invariably resulted 
in ‘undesirable flavors which appeared first at the higher temperature 
and grew more pronounced with lapse of time. Partial desiccation, 
which reduced the moisture content of the kernels by approximately 
40 per cent, did not enhance their keeping quality when stored in air. 
Attempts at storage in evacuated containers were, on the whole, unsuc- 
cessful. This was not due to any fault of the vacuum as such but 
rather to failure to provide suitable containers for vacuum storage 
over considerable periods of time. The few containers in which suit- 
able vacua were maintained seemed to yieid kernels comparable in 
flavor with those stored in hydrogen or carbon dioxide but slightly 
inferior to those stored in nitrogen. 

The Kreis test is helpful in the interpretation of results in that it 
seems capable of detecting incipient rancidity and in confirming the 
results of tasting. On the other hand there are occasions when the 
Kreis test fails to give any indication of rancidity yet the kernels are 
decidedly off-flavor. In these instances reliance must be placed in the 
organoleptic method alone, irrespective of its shortcomings. 

In so far as the results are available they show that storage in 
sealed containers is superior to storage in screw-cap bottles. This is 
to be expected and is particularly true for storage at ordinary tempera- 
tures and during the warm summer months. Fluctuations in tem- 
perature result in changes in the atmosphere within the containers 
which are not air-tight, and this ultimately leads to oxidative changes 
within the tissues of the nut kernels. For short periods this change is 
not sufficiently extensive to Le important. 

Although temperatures obtaining in ordinary cellar storage are too 
variable to prevent the development of rancidity in black-walnut meats 
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over considerable periods of time, nevertheless, temperatures con- 
tinuously below freezing are not necessary for satisfactory storage. 


SUMMARY 


Search for a simple method of retarding or preventing rancidity in 
stored black-walnut kernels included storage trials at several tem- 
peratures in air, nitrogen, hydrogen, carbon dioxide, vapors of ethyl 
alcohol with air or nitrogen, and partial desiccation prior to storage in 
air. The temperatures utilized were those in (1) ordinary unheated 
cellar storage with a range of —8.3 to 26.7° C. (17 to 80° F.), (2) fruit 
storage with a range of 0.6 to 2.2° C. (33 to 36° F.), and (3) storage 
below freezing with a range of —17.8 to —12.2° C. (0 to 10° F.). 

The treatment involving storage in an atmosphere of nitrogen at 
temperatures near the freezing point gave the most satisfactory results 
from the dual standpoint of convenience and quality of product. 
Kernels stored under these conditions may retain a satisfactory flavor 
and palatability over a period of two years or longer. Lower tempera- 
tures were effective but unnecessary. 

Storage in air-tight containers was superior to storage in screw-cap 
glass jars which were not air-tight, especially at ordinary cellar 
temperatures. 
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One problem of major importance to the beekeeper is production of 
honey with an initial light color which will not tend to darken rapidly 
upon standing. A limited study has been given to the causes of colora- 
tion in honey and to the methods for reducing it. Many of the factors, 
however, are probably identical with those which have occupied the 
attention of investigators concerned with other saccharine products. 


WORK OF OTHER INVESTIGATORS 

Zerban (1920) has summarized the principal causes of coloration 
in cane juices and sirups. Some of these, which are related to the 
action of lime, sulfite, and other chemical treatments accorded the 
juice, of course do not apply to honey. The factors which would 
seem to be of particular significance to this product are (a) the effect 
of iron salts of tannin and other polyphenolic substances, and (b) the 
effect of temperature treatment upon the sugars themselves. 

With respect to the first mentioned Ramsay (1923) has reported 
the discoloration of honey by the tinned iron lid of the container. 
Introduction of iron, supplementary to the small amount naturally 
present in honey, might also result from the heat treatment and equip- 
ment involved in processing the product. Willaman and Easter 
(1929) have studied particularly the relation of the natural pigments 
in sorghum materials to pH and also the color production from the 
sugars as a function of pH and temperature. They zonclude that 
fructose is the most important source of color when the sorghum juice 
is heated and show that the color intensity increases greatly with 
increase in pH. Although fructose is the principal sugar of honey, 
the fact that the sirup has a fairly low pH is favorable to its sta- 
bility. Nevertheless, if the darkening by heat treatment is due chiefly 
to an increase in rate of reaction, one might expect the same changes 
following long storage. 

That the colloids in sugar sirups are very important was indicated 
by Zerban (1920). This observation has been confirmed by Lothrop 
and Paine (1931), who have shown that the amount of colloidal ma- 
terial in honey is closely associated with color, and that by flocculation 
of the colloids the quality and marketability of low-grade samples can 
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be markedly improved. More recent work by the same authors with 
Gertler (1934) has furnished further information as to the amount, 
nature, and effect of the colloids, and a commercial method for their 
removal has been described (1935). Paine and associates show that the 
colloids of honey are high in nitrogen. Calculated as crude protein the 
amount ranges from 44 to 72 per cent of the total solids of the col- 
loidal fraction. However, more than half the total nitrogen of the 
honey represents compounds of low molecular weight which will pass 
through a collodion membrane. Only a part of the nitrogen of this 
fraction is in free amino form. They have demonstrated, too, that the 
nitrogen compounds of honey react with the sugars to give dark-col- 
ored melanoidins. The melanoidal compounds, which were first 
studied perhaps by Maillard (1916), have been of wide interest. 
Ambler (1929) has reviewed the literature of the subject and furnished 
new observations upon this factor which seem very significant to color 
production in raw sugar products. Although Paine, Gertler, and 
Lothrop (1934) have found that the darker honeys generally contain 
larger amounts of amino nitrogen, the relation to color was not in a 
direct proportion. 

Most of the studies which have been made in connection with the 
storage of honey have had to do with granulation, with changes in mois- 
ture content as a result of granulation, and the general susceptibility 
of the honey to the action of microérganisms. In this group may be 
mentioned the work of Fabian and Quinet (1928), Wilson and Marvin 
(1931, 1932), Dyee (1931), and Fulmer and associates (1934). 


In the progress of a study of the effects of processing heating and 
storage upon the crystallization of some II!*nois honeys by Milum, 
Lynn, and Crum (1935) it was deemed of interest and value to include 
some preliminary work upon the chemical changes involved, particu- 
larly with reference to coloration. 


EXPERIMENTAL PROCEDURE 
The product selected for study was a fully ripe sweet-clover honey, 
characteristic of one of the principal types produced in this region. 
It was extracted and given a fine straining. Separate lots were then 
heated for 30 minutes each at 82.2, 71.1, and 62.8° C. (180, 160, and 
145° F.). Samples of each lot were placed in glass jars and stored 
in rooms maintained at the constant temperatures of 36.6, 25, and 
4.4° C. (98, 77, and 40° F.). After a year of storage they were 
removed and subjected to analysis. The determinations made, pro- 
cedures employed, and results obtained follow. 
Water. The percentage of water was determined by refractometric 
method using the special tables prepared by Marvin (1934). 
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Reducing Sugars. A sample of honey was weighed out, dissolved 
in water, clarified with alumina cream made to volume, and filtered. 
The reducing sugars were determined by the volumetric method of 
Lane and Eynon (1923), using the 25 c.c. volume of Fehling’s solution. 

Total Nitrogen. A 5-to-10-gram sample of honey was subjected to 
the official Kjeldahl digestion procedure. Then the ammonia was dis- 
tilled out and collected in 4-per cent boric-acid solution. The solu- 
tion was treated with .1 normal sulfuric acid, using methyl red as 
indicator, and the nitrogen calculated from the ammonia found. 

Amino Nitrogen. A regular Van Slyke apparatus was modified 
by substitution of a 4-c.c. micro-burette graduated to read in twentieths 
of ac.c. A 25-gram sample of honey was weighed out and made up to 


TABLE 1 
Effect of Processing and Storage Conditions on Composition of Honey 
Stored for One Year 








Dry-weight basis 





Processing Storage Original 
temperature temperature water Reducing Total Amino 
sugars nitrogen | nitrogen 





pet. pet. pet. pet. 
82.2° C. (180° F.)| 36.6° C. (98° F-.) 13.8 89.7 0.055 | 0.0053 
82.2° C. (180° F.) | 25.0° C. (77° F.) 15.04 89.2 .0065 
82.2° C. (180° F.)| 4.4° C. (40° F.) 16.20 86.5 .0074 
71.1° C. (160° F.) | 36.6° C. (98° F.) 13.10 88.9 .0048 
71.1° ©. (300° F.)| 250° CG (77% B) 15.04 88.3 .0058 
71.1° G (i00" F.)| 44° C. C0’ FB) 17.26 86.6 .0070 
62.8° C. (145° F.)| 36.6° C. (98° F.) 12.81 88.1 .0042 
62.8° C. (145° F.) | 25.0° C. (77° F.) 14.00 88.7 .0053 
62.8° C. (145° F.) 4.4° C. (40° F.) 14.70 86.8 08 .0068 




















volume in a 25-c.c. graduated flask. A 10-c.c. portion was taken for 
analysis and the determination carried out in the usual manner, ac- 
cording to the Official Methods (1930). A few drops of octyl alcohol 
was added to the reaction chamber each time to lessen foaming. Blanks 
were run on every new batch of reagents. 

Results. The results of all determinations except water were cal- 
culated to a dry-weight basis (Table 1). 

Color Analysis. In order to give a more complete picture of the 
color changes of the honey samples, a Keuffel and Essertspectrophoto- 
meter was used in place of the Pfund honey color grader. Observa- 
tions were made at regular intervals of wave length throughout the 
visible range of the spectrum and the percentage transmission deter- 
mined for a three-centimeter cell of honey compared with a cell of the 
same length of pure water. These values are given (Table 2), and are 
calculated over to values for the negative logarithm and plotted in 
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Fig. 1. The curves represent the comparative concentration of colored 
materials in the samples. 
DISCUSSION OF RESULTS 

An examination of the data (Table 1) shows a loss of water rather 
closely related to storage temperatures. The change in moisture as a 
result of processing is not known, since determinations were not made 
immediately after the preliminary heat treatment. Contrary to ex- 
pectations the water content for any given storage temperature is low- 
est in the samples with the lowest processing temperature. The dif- 
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ference in the tightness of the cap is apparently a factor of major 
importance with respect to storage in the screw cap containers of the 
type used. 

Slight increases in the amount of reducing sugars is indicated as 
the temperature of storage is increased. The processing temperature 
seems to have lesser influence. The increase in reducing sugar is prob- 
ably due to the hydrolysis of sucrose. Even though the enzymes pres- 
ent in the honey may be largely inactivated by a high processing tem- 
perature, the rather low pH of most honey, due to formic acid and 
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acid gums, is likely sufficient to cause slight inversion on long stand- 
ing. Only two samples were analyzed for total nitrogen. These were 
selected because they represented the extremes with respect to treat- 
ment. Since no variation is evident between these two, one may feel 
reasonably safe in assuming that there is no change in total nitrogen 
throughout the series. 


The quantity of amino nitrogen is small and varies within a fairly 
limited range of concentration. The amount present decreases with 
increase in storage temperature. With increase in processing temper- 
ature the reverse is true but the variations are slight. It is possible, 
however, that very marked changes may take place in the nitrogen 
constituents without very much alteration in the proportion of amino 


TABLE 2 


Spectrophotometric Values of Honey Stored at 
Different Temperatures 








Transmittancy-percentage of light passing 
Wave-length samples stored at 


mp 





4.4° C, (40° F.) 25° C. (77° F.) 36.6° (98° F.) 
450 ® , " 
475 3.6 . 
500 7.6 . 
550 p 18.3 0.6 
600 F 28.5 6.9 
650 x 34.7 
700 5.§ 43.7 


1 Less than 1%. 

















nitrogen. If the amino acids and simpler forms of the nitrogen com- 
pounds exist in part as transitory forms between complex protein on 
one hand and the melanoidal type of material on the other, approx- 
imately equal rates of hydrolysis of the proteins and reaction of the 
hydrolytic products to yield the irreversible melanoidal substances 
would still show a fairly constant amount of amino nitrogen. 


ixamination of the spectrophotometrie values indicates a marked 
increase in color for the samples stored at 36.6° C. (98° F.). The dif- 
ferences in color between the samples stored at 4.4° C. (40° F.) and 
25° C. (77° F.) was small but always lower in case of the former. 
The absorbing properties of the pigments produced is much greater 
for the shorter wave lengths of light, namely in the blue and green 
section of the spectrum and tend to give the solutions a color with in- 
creasing dominance of red and orange tints. The general character 
of the spectrophotometric results show similarity to those found by 
Willaman and Easter for the wedges of the Pfund color grader and 
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confirm their conclusions as to the value of the Pfund instrument for 
use in connection with studies of coloration of sirups. It may be well 
to state that the nature of the samples and the treatment accorded 
them was such that there was no apparent deterioration or alteration 
owing to microérganisms. It has been pointed out also that the mat- 
ter of crystallization has been the subject of a previous article by Dyce 
(1931). 

One may conclude that in so far as the physical and chemical tests 
of the present article are concerned, the major effects of processing 
and storage upon the quality of honey are related to the coloration of 
the product. The short processing time even at the highest temper- 
ature employed seems relatively insignificant to discoloration when 
compared to the long period of storage at the elevated temperature of 
36.6° C. (98° F.). 

Whether or not the nitrogen compounds and the melanoidal sub- 
stances are of major importance to coloration cannot be definitely 
stated. The fact that a decrease in amino nitrogen is observed with 
increase in darkening might be taken as confirmation of this idea. In 
view of some previous observations, however, by Englis and Dykins 
(1931) as to the effect of low pH upon their influence it is believed 
that the matter of the nitrogen compounds, although significant, is 


perhaps of secondary consideration. It seems more probable that the 
darkening of the honey samples, like that of sorghum, is due mainly 
to the instability of the fructose itself. Additional work is in progress 
concerning other changes in honey upon storage. 


SUMMARY 

A sample of sweet-clover honey was extracted, given a fine strain- 
ing, and separate lots were heated for thirty minutes at 82.2, 71.1 and 
62.8° C. (180, 160, and 145° F.), respectively. Samples from each lot 
were placed in screw-top jars and stored at constant temperatures of 
36.6, 25, and 4.4° C. (98, 77, and 40° F.). At the end of a year they 
were examined for certain chemical and physical changes. 

The moisture content decreased markedly with increase in storage 
temperature. Certain irregularities are probably due to variation in 
the tightness of the cap. 

Reducing sugars increased slightly with increase in storage tem- 
perature. The samples with the higher processing temperature showed 
the greater increase. 

The total nitrogen content of samples representing extremes of 
treatment showed no significant difference. The amino nitrogen 
decreased with increase in storage temperature but the actual amount 
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present at any time was small. Coloration, on the other hand, in- 
creased with increase in temperature. 


The samples stored at the higher temperature showed a marked 
increase in absorption for the light of shorter wave lengths of the 
visible spectrum and little change for the longer wave lengths. 


It is believed that darkening of the samples is due primarily to 
instability of the fructose of honey. 
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INTRODUCTION 


The greening action of a few races of bacteria on blood agar media 
is so characteristic that considerable diagnostic importance has been 
attached to the phenomenon. The green pigment formed has been 
ascribed to a variety of causes, among which are the following: forma- 
tion of methemoglobin, Zinsser and Bayne-Jones (1934), Valentine 
(1926) ; action of lactic acid, Ruedeger (1906), Hagen (1925) ; oxida- 
tion, McLeod and Gordon (1922); reduction, Holman (1916); xan- 
thoproteic reaction, Barnard and Gowen (1932); and an optical 
illusion, Boxer (1906). 

The problem of greenish discolorations in meats, cured and fresh, 
is obviously of great economic importance and has received much atten- 
tion in the meat-packing industry for the past half century. The prac- 
tical men in the industry have theories to account for these green 
discolorations; the most generally accepted theory is that of ‘‘under- 
cure.’’ This condition, as the name implies, results from failure of the 
nitrite and other curing ingredients to penetrate into the meat during 
a curing process. Lack of nitrite will result in failure to ‘‘fix’’ hemo- 
globin or hemochromogens in the tissue, and thus the more heat-stable 
nitroso derivatives are not formed. When the undercured meat is sub- 
jected to heat, either by boiling or in the smoke house, especially in 
the presence of salt, a grey discoloration will result. Another term 
used in connection with discolorations in cured meat is ‘‘nitrite burn’’ 
—a condition in which the discolored areas contain relatively large 
quantities of nitrite. 

Our studies have led us to distinguish between discolorations that 
are due to true undercure and the effects of oxidizing and hydrogen- 
sulphide-forming microbes upon cured and fresh meats. In meat- 
curing we ‘‘fix’’ hemoglobin and myoglobin of the muscle tissue with 
nitrites to maintain a desirable pink color of the meat. The pink com- 
pounds formed with nitrite are nitrosohemoglobin and nitrosohemo- 
chromogen, discussed by Hoaglund (1914). Nitrosohemochromogen is 
found in sweet-pickle hams 30 days in cure. Heating nitrosohemoglobin 
is the accepted method of forming nitrosohemochromogen, but in the 
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pickling vat nitrosohemochromogen forms without the aid of heat. 
These pink ferrous nitroso derivatives of hemoglobin are sensitive to 
oxidations of microbial origin and become emerald-green and grey- 
green in color when known oxidizers like Streptococcus viridans, men- 
tioned by Jensen and Morton (1931), or other oxidizing bacteria, 
referred to by Lewis and Jensen (1928), act upon them. Certain edible 
and inedible reducing reagents under suitable conditions will prevent 
the oxidation of the blood pigments and restore the desirable pink 
color of the meat, Jensen (1935). 

In this report data are presented indicating some of the microbial 
and chemical substances responsible for green discolorations and the 
spectrophotometric nature of some of these green derivatives of hemo- 
globin. 

BACTERIOLOGY 

The subject of bacterial oxidations has received a great deal of 
attention beginning with J. W. McLeod’s work (see Jordan and Falk, 
1928), although Gottstein (1893) demonstrated long ago that certain 
bacteria produce peroxide. A voluminous literature, which cannot be 
reviewed here, has since appeared dealing with the mechanisms of 
microbial oxidation-reduction phenomena (Neill, et al., 1924, 1925, 
1926). Since most of the work reported in the literature deals with 
the oxidations of the Streptocoecus-Pneumococeus group of bacteria, 
we wish to emphasize the fact that these cocci or other pathogens are 
not implicated in the discolorations of meats in the packing house. 
The bacteria found in discolored meats seem to have the same reagent 
qualities toward nitrosohemoglobin as the pathogenic alpha cocci. 

The points of entry of the bacteria involved in discolorations of 
the cured pigments and hemoglobin are detected by constructing a 
bacteriological ‘‘flow sheet.’’ This procedure involves data obtained 
from microbiological analysis of material and contact environment 
along with time and temperature of each stage in processing. In this 
connection we have experimentally determined the growth curves of 
several species of bacteria that produce H,S from meat substrates, 
and bacteria that are able to produce discolorations of cured meats by 
oxidations or with oxidizing enzymes. Since most of the processes are 
conducted at low temperatures, 1 to 10° C. (34 to 50° F.), we find a 
prolonged lag phase of these organisms. This is induced in part by 
addition of edible curing agents which poise the oxidation-reduction 
potentials and increase lag phase of growth. The experienced bacteri- 
ologist will know how to prepare the samples for analysis. One may pro- 
ceed as follows: (1) total counts of aerobic forms are made on duplicate 
nutrient agar plates incubated at 20° C. (68° F.) for 48 hours; (2) 
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total counts are made from poured blood agar plates. The embedded 
green colonies in these incubated plates which have been poured 
one-half to two-thirds full are often hydrogen-sulphide-forming bac- 
teria. Incubation at 37° C. (98.6° F.) for two days in 5-per cent CO, 
or H, or under partial vacuum aids greatly in identifying these forms. 
Dilutions of inocula showing growth of 30 to 300 bacteria on the 
nutrient agar plates are then treated and counted in the following 
manner: 


Flood each plate with a .4-per cent aqueous solution of 
tetramethylparaphenylene-diamine-hydrochloride (Eastman) 
so that the colonies are just covered with the solution and 
observe until no more colonies take the blue-purple color. 
Count these blue-purple colonies and record as ‘‘oxidizers’’ 
per gram or per cubic centimeter. Counts are thus made of 

(a) Total aerobic bacteria 
(b) Some of the diseoloring H,S formers 
(ce) ‘‘Oxidizers.”’ 


Our studies have not included other discoloring microbes which 
complicate production of the desired pink color of meats. 

A plating medium has been devised to demonstrate all of the 
discoloring forms and has often proved to be serviceable in the labo- 
ratory. The usefulness of the medium can be determined only as the 
results of wider experience become available. The medium is pre- 
pared as follows: To Bacto-blood agar base made up with the required 
amount of water add .1 per cent of l-cystine and allow to dissolve 
while hot. When cooled to 45° C. (113° F.) add 5 to 8 per cent of 
whole sheeps’ blood (defibrinated) and 5 per cent of a .25-per cent 
normal saline solution of reagent benzidine. Use for duplicate pour 
plates (poured one-half full). The medium should not be discolored 
from the reagents added. Incubate the inoculated pour plates at 
20° C. (68° F.) and 37° C. (98.6° F.) for 48 hours and 24 hours 
respectively. The green colonies will usually indicate H,S-forming 
microbes. The black colonies will indicate peroxidase-H,O,-forming 
bacteria. The plate is then flooded with .4 per cent of aqueous solu- 
tion of tetramethylparaphenylene-diamine-hydrochloride (Eastman). 
The ‘‘oxidase’’ colonies will become purple. The non-discoloring bac- 
terial colonies are often ‘‘reducers’’ and aid in certain curing opera- 
tions if they are not proteolytic. 

Accurate methods for rapid enumeration of hydrogen-sulphide- 
producing bacteria are wanting. The simplest method employed cor- 
relates closely with what we have observed in large-scale meat opera- 
tions and is used as follows: Nutrient broth, to which .1 per cent of 
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l-eystine is added, is tubed one-fourth full in ordinary culture tubes 
and sterilized in Arnold sterilizer. Cut strips of filter paper and 
saturate one end of each strip in saturated lead subacetate solution 
to which a little glycerol has been added. Add dilutions of inocula to 
tubes and, before replacing the cotton plug, insert the filter paper 
strip but do not allow it to come in contact with the medium. Fasten 
with the cotton plug. Incubate at 37° C. (98.6° F.) for 24 hours. The 
blackened paper indicates hydrogen-sulphide production, and the 
dilution the approximate number of these bacteria per gram of the 
original inocula. 


Of the reactions proposed for detection and enumeration of all 
types of oxidase-peroxidase or oxidizing bacteria, none is very satis- 
factory nor are common reactions given by all oxidizing enzymes. 
Considerable experience is necessary before satisfactory tests can be 
made and interpreted. If paraphenylene-diamine-hydrochloride solu- 
tion is substituted for detecting the ‘‘oxidizers,’’ a brown-black colony 
will result. This reagent is not as sensitive as the tetramethyl com- 
pound. Para-amino-dimethylaniline-hydrochloride solution will im- 
part a rose-red color to the oxidizing colonies as shown by Ellingworth, 
McLeod, and Gordon (1929) ; and Gordon and McLeod (1928). Other 
methods in use are benzidine-acetic-acid-potato-(or horse-radish) pe- 
roxidase test (a trace of pyridine before addition of benzidine often 
promotes rapidity of reaction) ; and Penfold’s benzidine agar, upon 
which some oxidizing colonies produce a black halo (Penfold, 1922). 
(Penfold’s blood agar is prepared as follows: Add to regular blood 
agar 10 per cent of a .5-per cent solution of benzidine in .85 per cent of 
NaCl. Chocolate benzidine agar may be made by heating the blood 
agar as usual. The purest grade of benzidine is necessary so that the 
blood will not darken. ) 


Less distinetive tests are KI-starch-FeSO, reagent, which produces 
a blue color upon addition to broth or agar culture; Cadmium iodide- 
starch-FeSO, (trace) reagent, which reacts like the KI reagent; tine- 
ture of guaiacum, freshly prepared, plus trace of blood which will 
become blue in the presence of oxidizing substances; and the phenol- 
phthalin (not phenolphthalein) test. The phenolphthalin test is made 
as follows: Dissolve .032 gm. phenolphthalin in 21 ¢.c. N/10 NaOH. 
Make up to 100 ¢.c. with distilled H,O. Test: Add very dilute blood 
plus two parts of reagent to broth or colony. Purplish-red indicates a 
positive reaction. 


In order to determine if oxidizing and hydrogen-sulphide-produe- 
ing bacteria were implicated in the green discoloration of meats, the 
experiments listed in summary form (Table 1) were performed. (Table 
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1 shows reactions of certain bacterial products and their counterpart 
chemical reagents on blood pigments. 

It will be observed from the data (Table 1) that certain oxidizing 
substances and hydrogen sulphide, either of bacterial or of chemical 
origin, ean form green compounds by action on the nitroso derivatives 
of hemoglobin. Some derivatives of hemoglobin, like heinatin, can be 
greened by the action of the proper oxidizing agent. Hydrogen sul- 
phide can produce a green compound with oxyhemoglobin. Lactic acid, 
when spotted on a blood agar plate, will produce an apparent green 
color. That this green color is due to an optical illusion can easily be 
shown. It is actually brown. 

The nature of these green derivatives of hemoglobin is not known, 
although they have been the subject of many investigations. Fre- 
quently in the literature of bacteriology, they have been referred to as 
methemoglobin. Methemoglobin is an oxidation product of hemoglobin 
and is brown or reddish-brown. These green compounds probably are 
oxidation products of hemoglobin, for they are formed only under 
oxidizing conditions. They are, however, oxidation products different 
from methemoglobin. 

The role of hydrogen sulphide in the production of these green 
compounds is one that is somewhat involved. Hydrogen sulphide reacts 
with reduced hemoglobin to form a purple compound. On exposure 
to oxygen, this purple compound rapidly oxidizes to form a green com- 
pound. If hemoglobin is treated with hydrogen sulphide in the pres- 
ence of oxygen, the first reaction is not observed. 


SPECTROPHOTOMETRIC MEASUREMENTS 

It was thought possible to throw some light on the nature of these 
green derivatives of hemoglobin by an investigation of their absorp- 
tion spectra. 

To study the green pigment formed by oxidizing bacteria, various 
pure cultures were grown in nutrient broth containing .1 per cent 
dextrose for two days at 37° C. (98.6° F.). To these was then added 
a solution of nitrosohemoglobin (which had been extracted from cured 
beef) in amounts small enough to be completely acted upon by the 
bacteria. The change to the green compound usually oceurred within 
from two to 48 hours. In addition to the pigment a quantity of M/5 
KH,PO, equal to the amount of culture employed was added to the 
mixture. This buffered the solutions at a pH of approximately 6. 

In order to determine the concentration of the pigment the pro- 
cedure suggested by Drabkin and Austin (1935) was followed. Some 
of the nitrosohemoglobin solution was diluted to the same degree as in 
the above mixture and converted to methemoglobin with potassium 
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ferricyanide. Treatment with potassium cyanide resulted in the for- 
mation of cyanmethemoglobin. The extinction coefficients of Drabkin 
and Austin for cyanmethemoglobin were employed to determine the 
concentration. 

In addition, some of the culture to which no pigment had been 
added was diluted and buffered to the same degree that it was in the 
solutions containing the pigment. This was for use in the reference 
cell of the spectrophotometer when the spectra of the green solutions 
were determined. 

For convenience, the effect of hydrogen sulphide itself on oxyhemo- 
globin was investigated rather than that of hydrogen-sulphide-produe- 
ing bacteria. Hydrogen sulphide from a Kipp generator was passed 
through solutions of oxyhemoglobin in the presence of air until the 
color was distinctly green. The solutions were unbuffered. The con- 
centrations of the solutions were determined as in the case of the 
bacterial oxidations and were obtained on portions of the oxyhemo- 
globin solutions which had not been treated with hydrogen sulphide. 

Just before the spectrophotometric measurements, all solutions were 
clarified either by centrifuging or by passing them through a Gooch 
crucible having a thick filter pad. 

The spectrophotometer was of the Martens polarizing type and 
was manufactured by the Gaertner Scientific Corporation of Chicago. 


RESULTS 

The results are shown in the form of absorption curves in which «, 
the extinction coefficient, is plotted against the wave length of light in 
my. Following the procedure of Drabkin and Austin, the extinction 
coefficients are expressed in terms of the concentration of the pigment 
in millimoles per liter, where one mole equals one mole of porphyrin 
or one gram atomic weight of iron or one mole of oxygen capacity. 

The absorption spectra of oxyhemoglobin and of nitrosohemoglobin, 
the starting compounds in these studies, are shown in Fig 1. 

The type of spectra obtained for the green compound formed by 
the action of several pure cultures of oxidizing bacteria on nitroso- 
hemoglobin is shown in Fig. 2. In addition, the spectrum of met- 
hemoglobin is shown. The formation of the green compound was 
usually preceded by the appearance of a brown product; this brown 
pigment gradually changed over to the green derivative. The final 
stage after prolonged exposure was a yellow compound. Curve 6, 
Fig. 2, is the spectrum obtained for such a yellow compound. 

The type of spectra obtained for the products of the action of 
hydrogen sulphide on oxyhemoglobin is to be seen in Fig. 3. As in 
Fig. 2, the spectrum of methemoglobin is also shown. 
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Additional information about the particular solutions is recorded 
in the legend under the plots. 


DISCUSSION OF SPECTROPHOTOMETRIC RESULTS 

The spectrophotometrie results indicate that in no case was a pure 
compound obtained by the action of the oxidizing enzymes or of hydro- 
gen sulphide on hemoglobin or its derivatives. Drabkin and Austin 
have found similar results for the action of hydrogen sulphide on 
oxyhemoglobin. There seems to be a progressive change with time in 
both sets of reactions. Curve 4 (Fig. 3) was obtained by allowing the 
solution which gave Curve 2 to stand for 20 hours. Similarly Curve 6 
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Fic. 1. Nitrosohemoglobin and oxyhemoglobin. 
Curve 1, nitrosohemoglobin; ¢ equals .077 millimoles per liter. 
Curve 2, oxyhemoglobin; ¢ equals .046 millimoles per liter. 


(Fig. 2) was obtained by long exposure of nitrosohemoglobin to the 
action of the bacterial oxidizing agents. The curves obtained in Figs. 2 


and 3 are probably composites of several absorption curves and repre- 
sent intermediate stages in a progressing reaction. 

It is worth noting that the curves for the green compounds pro- 
dueed by bacterial action and those produced by treatment with 
hydrogen sulphide are sufficiently different to indicate a different 
type of compound in the two eases. 
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It is also to be emphasized that the green compounds yield spectra 
which are different from that of methemoglobin. These derivatives 
cannot be methemoglobin. 


GENERAL CONCLUSIONS 
Readers may feel that this paper is lacking in descriptions of 
microérganisms which elaborate these blood discoloring reagents. 
Many families, tribes, genera, species, and variants which possess 
mechanisms for discoloring blood pigments and their nitroso deriva- 
tives have been encountered. Oxidations are effected by members of 
the Pseudomonas group, like Ps. proteus, Ps. flourescens non-lique- 
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Fig. 2. Spectra obtained by action of bacteria) oxidizing enzymes on nitroso- 
hemoglobin; also spectrum of methemoglobin. 

Curves 1, 2, 3, and 4, green derivatives. 

Curve 1, ¢ equals .014 millimoles per liter; pH 5.75. 

Curve 2, ¢ equals .012 millimoles per liter; pH 6.3. 

Curve 3, ¢ equals .012 millimoles per liter; pH 6.25. 

Curve 4, ¢ equals .014 millimoles per liter; pH 5.85. 

Curve 5, methemoglobin; ¢ equals .104 millimoles per liter; pH 5.9. 

Curve 6, yellow derivative obtained by long exposure of nitrosohemoglobin to bac- 
terial enzymes, ¢ equals .021 millimoles per liter; pH 5.5. 


faciens, ete.; certain species of the genus Bacillus, ‘‘Micrococeci’’ of 
numerous species; ‘‘enterococci’’ and alpha types of cocci; some of 
the Lactobacilli and Flavobacteria; Achromobacter, ete. Hydrogen- 
sulphide is formed from proteins and derivatives by numerous species 


of microbes mentioned or deseribed in Bergey’s Manual. Perhaps 
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other species observed in this study have not been classified. While 
determinative bacteriology is no doubt an important field of endeavor 
for the industrial bacteriologist, the status of this kind of work is 
such that extended studies cannot be attempted at the present time. 
Classification of these bacteria will be the subject of a future com- 
munication. 


In general we have observed two kinds of microérganisms respon- 
sible for product discolorations, oxidizing bacteria and those that 
produce hydrogen sulphide. The culture methods which have provided 
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Fig. 3. Spectra obtained by action of H.S on oxyhemoglobin; also spectrum of 
methemoglobin. 

Curves 1, 2, and 3, green derivatives obtained by 15 minutes’ exposure to H.S. 

Curve 1, ¢ equals .070 millimoles per liter; pH 4.85. 

Curve 2, ¢ equals .068 millimoles per liter; pH 5.3. 

Curve 3, ¢ equals .075 millimoles per liter ; pH 4.95. 

Curve 4, spectrum obtained by permitting solution giving curve 2 to stand 20 
hours; ¢ equals .068 millimoles per liter; pH 5.5. 

Curve 5, methemoglobin, ¢ equals .104 millimoles per liter; pH 5.9. 


ample data for our ‘‘flow sheet’’ analysis of a process always reveal 
great numbers of oxidizing or of hydrogen-sulphide-forming micro- 
Organisms accompanying green discolorations of meats. Removal of 
these types of bacteria from the processing environment always elimi- 
nates green discolorations. 





BACTERIOLOGY OF GREEN DISCOLORATION IN MEATS 


SUMMARY 

1. The kinds of microérganisms responsible for the formation of 
green pigments in meats and blood agar are those which oxidize 
hemoglobin, nitrosohemoglobin nitrosohemochromogen, and hematin. 
In addition, hydrogen-sulphide-forming bacteria cause green discolora- 
tions in meats and blood agar. 

2. Spectrophotometric measurements have been made on the green 
pigments obtained by the action of certain oxidizing bacterial enzymes 
on nitrosohemoglobin. Similar measurements have been made on the 
green pigments formed by the action of hydrogen sulphide on hemo- 
globin. 


3. The spectrophotometric results indicate the existence of a con- 
tinuous reaction in both cases, the extent to which the reaction proceeds 
depending on the time of exposure to the active agent. The compounds 
obtained are spectroscopically different from methemoglobin, although 
they are probably oxidation products of hemoglobin. 
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INTRODUCTION 


In several research projects on meats its was found necessary to 
determine whether certain pigments were of hemoglobin origin; that 
is, to distinguish them from pigments of microbiological origin, of 
earotinoid nature, ete. Such information has been especially useful in 
eases of ‘‘pink’’ fat occurring on hams and bacon. The test to be 
described below was originally devised for such purposes, but has 
since found wider application. Its advantages are its extreme delicacy 
and the fact that it is unnecessary to extract the pigment from the 
tissue in order to make the test. 

It is essential in this test that the hemoglobin pigment be in a form 
which can be converted either to nitroso hemoglobin or to nitroso 
hemochromogen. Thus it may be present as reduced hemoglobin, oxy- 
hemoglobin, carbon monoxide hemoglobin, or hemochromogen, all of 
which, under the conditions to be outlined below, are converted either 


to nitroso hemoglobin or to nitroso hemochromogen. The ‘‘cured’’ 
pigments, the nitroso derivatives, also adapt themselves to the test. 


The test involves two essential steps: (1) conversion of the hemo- 
globin compound to nitroso hemoglobin or to nitroso hemochromogen, 
and (2) treatment of the nitroso derivative with hydrogen peroxide 
to form a green product. Since compounds like oxyhemoglobin and 
methemoglobin cannot be converted to nitroso hemoglobin without 
undergoing reduction, the pigment should be treated with a reducing 
agent preceding conversion to the nitroso derivative. 


FIRST PROCEDURE 

Suspected Pigment Is in Tissue Such as Fat: Place a piece of the 
tissue in a freshly prepared solution of sodium hydrosulfite (lykopon) 
containing about one gram per liter of the salt. Allow the tissue to 
remain in this solution for several minutes. Remove and wash with 
distilled water. 

Now place the tissue in a solution of sodium nitrite containing 
about one gram per liter of the salt. Again allow the tissue to remain 
in contact with the solution for several minutes. Remove and wash 
with distilled water as before. 
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Finally place the tissue in a .3-per cent solution of hydrogen perox- 
ide. Within a few minutes a green color will develop in the tissue 
wherever any of the hemoglobin derivatives mentioned above occur. 


SECOND PROCEDURE 

Suspected Pigment Has Been Extracted or Is Present in a Liquid: 
The test under these conditions is best carried out in solutions of a 
concentration which represents about 1:50 or 1:100 dilution of whole 
blood. Colored substances other than the pigment will interfere with 
the test. The test is carried out in much the same way as outlined 
under the first procedure, except that it may be more convenient to add 
the sodium hydrosulfite and sodium nitrite in solid form rather than 
in solution. A few erystals of each will usually suffice for 10 ¢.c. of the 
unknown. With a little experience, the color changes, accompanying 
first the reduction with hydrosulfite and then the conversion to the 
nitroso derivative by the action of the nitrite, can be followed. The 
final step is the treatment of the solution with .3-per cent hydrogen 
peroxide. The amount of hydrogen peroxide required depends upon 
the concentration of the pigment, and it is best to run a control on a 
solution of hemoglobin of about the same strength as the unknown. 
The more concentrated the solution, the longer is the time required 
for the development of the green color. 


The green color usually persists for a half hour or more; under 
some conditions it is very stable. Eventually, however, further change 
takes place and a yellow color develops. 


Caution should be used in the application of the reducing agent. 
Too much will destroy the nitrite or hydrogen peroxide and the green 
color will not develop. In some eases the omission of the treatment 
with sodium hydrosulfite seems to increase the sensitivity of the test. 
Should the pigment exist in an oxidized form, however, treatment 
with the hydrosulfite is essential. 


SUMMARY 
A test for certain derivatives of hemoglobin has been devised to 
distinguish them from other pigments of different origin. The test 
depends upon the conversion of the pigment to nitroso hemoglobin 
or to nitroso hemochromogen with subsequent formation of a green 
compound by treatment with hydrogen peroxide. 





ACCURACY OF CERTAIN METHODS USED IN 
ANALYSIS OF SAUERKRAUT 
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The accuracy of various methods used in the analysis of sauerkraut, 
particularly for salt and acid, has been questioned from time to time. 
This has been true with regard to the methods now used by govern- 
ment officials and purchasing agents in routine determinations of 
the quality of kraut in factories and plants. The determinations of 
salt and acid are extremely important. The salt content has a great 
influence on fermentation and on the texture, color, and flavor of the 
finished product. The acidity is a measure of the degree of fermenta- 
tion. It is essential, therefore, that the methods used in determining 
the salt and acid for sauerkraut be at least within the accuracy of 
differences between duplicate samplings. 


RELATION BETWEEN SALOMETER READINGS AND SALT CONTENT 


The amount of salt in sauerkraut is most commonly estimated by 
the use of the salometer. The salometer is a simple hydrometer gradu- 
ated to read in percentages of a concentrated salt solution. It is, 
therefore, essentially a method for determining salt by the specific 
gravity of the solution. The method is used with success in the pickle 
industry, but brines for pickles are made with salt and water and 
are more concentrated than sauerkraut brines. 

Samples of kraut juice have been obtained from vats in different 
factories. From each vat a sample was obtained of the clear brine in 
the well and from the kraut in the center of the vat. Salometer read- 
ings at 15.6° C. (60° F.) were taken of each sample and compared 
with determinations of salt made by direct titration of two e.c. of the 
juice with N/10 silver nitrate using potassium chromate as an indi- 
eator. The results show (Fig. 1) that there is but little relationship 
between the salometer reading and the actual salt content. The sam- 
ples of clear brine from the wells invariably gave a lower salometer 
reading (12 to 18) than the samples of cloudy brine from the center 
of the vats (18 to 24), even though the latter averaged somewhat 
lower in salt content. The samples of clear brine showing salometer 
readings of 13, 14, or 15 actually varied in salt content from 1.7 per 
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cent to 2.6 per cent. Samples showing readings of 16 to 18 were 
actually higher in salt, 2.7 to 3.2 per cent, but there is by no means a 
linear relation. Cloudy brines were more inconsistent, 10 samples 
giving readings of 20, varying from 1.6 to 3.6 per cent salt. 


SPECIFIC GRAVITY AS INFLUENCED BY FACTORS OTHER THAN SALT 
It is plain that factors other than the salt present, affect the 
specific gravity of the juice as recorded by the salometer. Sauer- 


32 


SALOMETER READING AT 60° F. 











24 
PER CENT SALT 


Fig. 1. Relation between percentage of salt in sauerkraut juice samples, taken 
from the trough* and from the tank proper,* as shown by titration and salometer 
reading. 


kraut brine contains a certain amount of lactic acid, acetie acid, 
protein, aleohol, and carbon dioxide in solution. To note the effect 
of these upon the specific gravity or salometer, the following studies 
were made. 


Samples of sauerkraut brine from six vats were studied in detail, 
one sample being taken from the well and one from the center of 
the vat. Salometer readings were made at 15.6° C. (60° F.), the 
specific gravity being determined with a Westphal balance; analyses 
were made of the total acid by direct titration, of salt by direct 
titration, and of dry matter on filtered and unfiltered samples. The 
results (Table 1) show little or no relationship between salt and 
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specific gravity (Fig. 2) but a fairly definite relationship between 
total dry matter and specific gravity (Fig. 3). 


The various ingredients in solution in kraut brine have different 
effects upon the specific gravity. To study the effect of these on 
specific gravity, solutions of salt, peptone, and lactic acid were pre- 
pared and the specific gravities determined. The results show that 
although salt has approximately twice as much effect in raising the 
specific gravity (Fig. 4) as either peptone or lactic acid, the latter 
constituents of sauerkraut can by no means be disregarded. 


SPECIFIC GRAVITY 
SPECIFIC GRAVITY 








1.025 
15 2.5 3.5 4.5 4 6 8 10 
PER CENT SALT PER CENT DRY MATTER 








Fig. 2. Relation between salt and specific Fie. 3. Relation between dry 
gravity in sauerkraut juice samples. matter and specific gravity in 
sauerkraut juice samples. 


The effect of peptone or lactic acid on the specific gravity of salt 
solutions is about as might be expected from previous results (Fig. 5). 
Peptone or lactic acid affect the specific gravity less than salt, the 
former showing the greater effect. Alcohol lowers the specific gravity, 
but on the other hand, acetie acid raises it about one-fourth as much 
as salt. Carbon dioxide, the various ash constituents, sugar which is 
present before being converted to various fermentation products, and 
all suspended solids all have their effect, each of which is different 
from the other. Considering the great variety of substances that affect 
the specific gravity, it is not surprising that the specific gravity or 
salometer reading does not show a straight line effect when compared 
with percentage of dry matter. 
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Determination of Salt by Direct Titration: Determination of salt 
by direct titration of two ¢.c. of brine with silver nitrate, using 
potassium chromate as an indicator, might be questioned since it is 
known that the silver nitrate can combine with other substances, such 
as protein and ash in the juiee. Of 10 samples of juice analyzed by 
direct titration and by ashing with subsequent analysis of the salt, 


5 


SPECIFIC GRAVITY 








1.0 2.0 3.0 4.0 5.0 
PER CENT SALT, PEPTONE, OR LACTIC ACID 


Fig. 4. Effect upon specific gravity of salt, peptone, and lactie acid in solution. 


differences of less than .1 per cent were noted in all eases. Ordinarily 
a slightly higher result is obtained by direct titration. Although 
such results may not be accurate enough for certain types of work, 
they are as accurate as is necessary for commercial practice when the 
variations of salt content from various parts of a vat are taken into 
account. 


Uniformity of Sampling and Its Relation to the Salt: The question 
of the best method of salting and how to measure salt has become more 
important since its effect on the fermentation of cabbage to kraut 
has been more fully understood. Pink kraut, soft kraut, spotted kraut, 
and failure of kraut to ferment are conditions which have been shown 
to be closely associated with faulty salting. The even distribution of 
salt is extremely difficult to accomplish and its accomplishment is 
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difficult to measure. During two packing seasons the salting of kraut 
has been studied in various ways. 

Samples were available from the wells or troughs and from the 
various parts of 37 vats. From each vat two to four samples were 
taken at different periods during the fermentation. All salt determina- 
tions were made by direct titration of the brine with silver nitrate. 


1.030 ‘ ; 
© 3% salt, 1% peptone, and 1% lactic acid. 


2% salt, 1% peptone, and 1% lactic acid. 


c acid 


and tact 


SPECIFIC GRAVITY 


2% salt and lactic acid 








a + 


1.0 15 2.0 
PER CENT LACTIC ACID OR PEPTONE 





Fig. 5. Combined effect of salt, peptone, and lactic acid mixtures upon specific 
gravity. 


These determinations show an average of 2.07 per cent for 112 samples 
taken from the vat proper and 2.50 per cent for the equivalent 112 
samples taken from the well. In other words, the juice in the well 
contains approximately .4 per cent more salt than the juice in the 
vat proper. 


The salt apparently does not dissolve immediately. In the well 
samples the averages for the four sets of samples taken in order of 
time are 2.35, 2.56, 2.62, and 2.59; and for the samples from within 
the vat, 2.02, 2.06, 2.07, and 2.29 per cent. Apparently a gradual 
increase in titratable salt occurs, although these differences may be 
due to difficulty in uniform sampling. 


From 121 vats of kraut, samples for salt analysis were available 
from various points throughout the vat over a period of time. At 
least two and usually three to five samples were obtained. Analysis of 
these samples nearly always showed some difference in the salt con- 
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centration in a vat, the maximum variation in any vat being 1.9 
per cent. Two vats showed 1.7 per cent variation (Table 2). Less 
than .4 per cent difference was noted in 60 per cent of the vats. Since 
such variations exist, it should be considered reasonable to obtain at 
least two samples for salt determination upon bulk kraut and then 
to allow a few tenths of a per cent for variation. These differences 
should not be so marked in canned kraut. During the filling of vats 
many packers leave a bung out at the bottom so as to drain off so- 
called excess juice. Of the samples above, 38 are known to have been 
taken from the vats that were not drained during filling. Of these, 


TABLE 2 


Maximum Variations Shown in Salt Content Between Different Parts 
of Vats of Kraut 








Maximum variation in 

per cent of salt 0.1 O02 03 
Vats showing the variation 260s 
Undrained vats showing 

the variation : 9 

(Continued) 

Maximum variation in 

per cent of salt mS 1.0 
Vats showing the variation... 
Undrained vats showing 

the variation 








70 per cent showed less than .4 per cent variation and only 5 per cent 
showed more than .8 per cent. From these results it would appear 
that leaving all of the juice in the tanks aids in the uniform distribu- 
tion of salt. Unfortunately this is not always practical in a commercial 
packing plant. 


Sinee it can be assumed that the salt does not penetrate into the 
cabbage immediately after packing and that it is concentrated in the 
free juice, it would seem that possibly some salt may be lost when the 
bung is left open during filling of a vat. Salt analysis of drained juice 
taken at intervals during filling of a vat varied from 3 to 3.2 per eent, 
the salting in that particular factory usually being 2.4 per cent. 
Therefore the salt content may be lowered slightly by draining excess 
juice, especially if a large amount is removed. 


To determine the amount of salt present in kraut, direct titrations 
may be made of samples obtained by mixing aliquots taken from various 
parts of the vats. It is impossible to obtain uniform samples from the 
tanks immediately after packing. Samples from the well average about 
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4 per cent higher in salt than samples from the vat proper and there- 
fore should not be used. The most accurate method of insuring the 
correct amount of salt in kraut is to weigh both the salt and the 
shredded cabbage. 
DETERMINATION OF ACID 

Total Acid: Analysis of total acid as lactie acid by direct titration 
has become the standard method in many plants for determining the 
stage in the curing of kraut. The method has the advantage of rapidity 
and simplicity though it should not be considered absolutely correct, 
as will be shown by the following analysis. 


Two samples of kraut (I and II, Table 3) titrated in the usual 
manner tested 1.67 and 2.08 per cent acid. When these were boiled to 
expel the carbon dioxide they titrated 1.59 and 2.02 per cent acid 
when hot and slightly lower when cold. This change in acidity is due 
to the loss of carbon dioxide. The samples, when acidified with sul- 
phurie acid to free any acid from combination in the juice and then 
extracted with ether in a Kutscher-Steudel extractor, showed 1.896 
and 2.212 per cent acid respectively. In other words, the direct titra- 
tion of juices gives results about .2 and .3 per cent low and if the 
carbon dioxide gas is expelled by heating, the result is still slightly 
lower. In spite of this, the results are comparable and of considerable 
value and therefore the method is useful. 


The value of determination of volatile acids or acetic acid in 
relation to the quality of the kraut has been previously noted by 
Pederson (1934). 


Unfortunately the methods for determination of volatile acid in 
kraut by steam distillation have not been compared. A steam distilla- 
tion of 500 ¢.c. of the above kraut juice was made, without adding 
sulphurie acid to liberate organic acids, collecting 1,600 c.e. of distil- 
late (Table 3, No. 4). This was compared with similar distillations of 
juice to which sulphuric acid was added (Table 3, No. 5), juice which 
was extracted with ether and the extract distilled (Table 3, No. 6), 
and juice which was acidified and extracted with ether and the extract 
distilled (Table 3, No. 7). Residues of the unacidified juices were 
acidified and reéxtracted. The results show that acidification is 
necessary for complete extraction of the organic acids, and that it is 
quite essential to standardize upon the amount of distillate collected. 
The volatile acidity is increased somewhat by acidification. On the 
other hand, there is a wide discrepancy in results obtained in the 
volatile acid determinations, and unless results vary considerably 
from the normal, they have little significance. 
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SUMMARY 


Various methods used in the analysis of sauerkraut have been 


studied. Salometer readings are so affected by the various ingredients 
in kraut juice, such as acid, sugar, suspended solids, aleohol, and 
proteins, that they are of little or no value for estimation of the salt 
content. Direct titration of juice with silver nitrate using potassium 
chromate as an indicator is sufficiently accurate for practical use. The 
salometer reading is a fair indication of the total solids in kraut juice 
rather than of salt alone. 

Absolute uniformity, particularly in regard to salt, is difficult 
to obtain in a vat of kraut. The salt of the juice in the well is usually 
higher than that in the center of the vat, although the salometer read- 
ing is nearly always lower. Weighing salt and shredded cabbage is 
apparently the only absolute method of establishing a definite salt 
content in kraut. 

The direct titration of acid in sauerkraut juice using phenol- 
phthalein as an indicator gives results that are somewhat low but 
they are comparable and therefore valuable. Liberation of organic 
acids by mineral acids is essential to complete extraction and steam 
distillation of organie acids. Volatile acid determinations are some- 
what variable and quite dependent upon the amount of extract col- 
lected. 
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INTRODUCTION 


The subjective method for testing palatability of cooked meat 
devised by the cooking committee of the National Cooperative Meat 
Investigations uses a grading chart for 10 factors of palatability: the 
intensity of seven factors (aroma, texture, flavor of fat, flavor of lean, 
tenderness, quality of juice, and quantity of juice) and the desirability 
of three factors (aroma, flavor of fat, and flavor of lean). After the 
meat has been chewed thoroughly, each of these factors of palatability 
is graded by checking one of a list of seven descriptive adjectives. The 
adjectives are weighted arbitrarily from 1 to 7, 7 representing the 
adjective describing the most intense or the most desirable state of the 
factor under consideration. By this system each roast receives a 
numerical measure or score for each factor, this score being the aver- 
age of the opinions of several judges. 


The scores obtained by means of this grading chart have been used 
in determining the effect on palatability of various feeding rations by 
Black, Warner, and Wilson (1931), of differences in management of 
the animal by Mitchell and Hamilton (1933), of differences in storage 
conditions of the meat by Warner and Alexander (1932), and of other 
factors by Bull, Olson, and Longwell (1930), and Black, Semple, and 
Lush (1934). They have been used also to determine the effect on 
palatability of various methods of cooking by Cline, Trowbridge, Fos- 
ter, and Fry (1930). 


Lack of complete confidence in this subjective method of testing 
palatability has stimulated effort to devise objective methods of test- 
ing which, in the case of tenderness, include both chemical methods 
as used by Mitchell, Zimmerman, and Hamilton (1926-27) ; Mitchell, 
Hamilton, and Haines (1928) ; and Morgan, Bell, and Dorman (1933) ; 
and physical methods as used by Black, Warner, and Wilson (1931) ; 
Warner (1928) ; Nelson, Lowe, and Helser (1930) ; Tressler, Birdseye, 


Approved by the Director of the Texas Agricultural Experiment Station for 
publication as Technical Contribution No. 340, May 22, 1936. 
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and Murray (1932); Tressler and Murray (1932); and Noble, Halli- 
day, and Klaas (1934). 


At several agricultural experiment stations considerable time and 
thought have been spent on developing methods of cooking suitable 
for the housewife. This preliminary work has indicated that several 
factors may have an influence on the problem of the best method of 
cooking for the highest degree of palatability. Such factors may 
include heat, moisture, pressure, air velocity, and perhaps others not 
yet determined. In testing these factors it would seem desirable to 
set up experiments which are controlled as carefully as possible and 
which insure direct comparison of the two extremes of only one factor. 


EXPERIMENTAL WORK 
In this laboratory, an attempt is being made to limit study to the 
effect of heat on only one factor of palatability, i.e. tenderness. The 
problem under investigation at present is the effect of high and low 
oven temperatures on the tenderness of meat cooked to an internal 
temperature of 80° C. (176° F.) (well-done). The oven temperatures 
of 125° C. (257° F.) and 225° C. (487° F.) were selected because they 
are suitable for use in the home kitchen—as low as convenient with- 
out special adjustment of the gas and as high as possible without pro- 
ducing a burned roast. The new subjective method presented attempts 
to show the effect of high and low oven temperatures on tenderness by 
the direct comparison of one roast with another. 


The new subjective test for tenderness which is being proposed is 
an adaptation of a paired method described by Mitchell and Beadles 
(1930) and is called the ‘‘paired-eating method’’. Only two samples 
are used for the test and they must be paired carefully. The paired 
roasts are obtained by using identical cuts from the right and left sides 
of the same animal. One roast is used for one method of cooking and 
the other roast for the other method of cooking. Both roasts are cooked 
to the same internal temperature. Two or three slices are taken from 
the center of each roast. The slices must be paired and a slender strip 
cut from the corresponding place in the same muscle of each slice. 
Each of these strips must be cut into small samples about 14 by % 
by 1% inch—enough for one bite only. This method of cutting provides 
paired bites from paired slices from paired roasts. These paired sam- 
ples are then taken into the judging room and a pair is placed on the 
plate of each judge, each sample being placed near the number of the 
roast from which it came. The paired samples are eaten by judges 
who not only have not seen the whole roasts but are also not able to 
detect the method of cooking either by the appearance of the samples 
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or by the order in which they are numbered, and therefore they are 
free to give an unbiased judgment of tenderness. After eating the 
paired samples the judges check on record sheets their decision as to 
which of the two roasts is the more tender; or if there is no difference, 
they use the space provided for this observation. 


As the work progressed, the judges observed that sometimes the 
difference in tenderness between the two roasts, while distinct and of 
value for research purposes, was too slight to be of much practical 
importance to the housewife. At other times the difference was so 
decided that it was considered to be of practical importance. From 
this observation it seemed desirable to provide as a part of the record 
sheet some means of indicating the degree of difference in tenderness 
For this purpose the terms ‘‘slight’’ and ‘‘decided’’ were included. 
The record sheets in use at present are reproduced here. 


MEAT COOKING RECORD 
Sheet 7 


Subjective Tests for Tenderness 
Kind of Meat Cut of Meat 


Roast Numbers 








Sample No. 





Roast No. 








More tender 








none 








is 


Difference slight 





decided 








(5) Very tender 





(4) Tender 











(3) Neutral 





(2) Tough 





(1) Very tough 




















Signature of Judge.. 
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MEAT COOKING RECORDS 
Sheet 8 Date 


Summary of Subjective Tests for Tenderness 


SA) BUDGE 5.5 5 sccccccescsesees BR OE I iivnssesicccecsonccsceees 
RU se ae Sie Cut of meat 


TOMPCTALETO OF OVOME....ccccccccsece cccosocrcsseceees 



























































Judges Temperature of oven for the tenderer roast B. er 
: 8 | 
Name — Sample 1| Sample 2|Sample 3| Sample — 5] 125° ¢ 225° ¢ 
1 | | | 
| 
i*; | hvT hdT dt 
| 
ORR ame 
| 
ee 
| | 
t | || 








Difference slight | 





decided | 





none 





RESULTS OF EXPERIMENTS 
The results from standing rib and round-bone chuck roasts are 
shown as obtained over a period of two years during which the method 
was being developed (Table 1). It is evident from the results of the 
paired-eating method (Table 1) that: 


1. The majority of the judgments for both cuts is in favor of 
the constant low even temperature method 125° C. 
(257° F.). 

2. This majority is larger in the ease of the round-bone 
chuck roasts. 

3. The difference in tenderness between the two methods of 
cooking is more ‘‘decided’’ in the ease of the round-bone 

chuck roasts than of the standing rib roasts. 
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4. This difference is most ‘‘decided’’ in the case of the lowest 
grade carcasses, thus emphasizing the importance of low 
oven temperatures in cooking the cheaper grades of meat. 


An important advantage relates to the method of obtaining data 
by the paired-eating method, in so far as such data may be subjected 
to a statistical analysis. For the purposes of statistical treatment the 
results of the judgments are totaled according to two groups—(a) 
those more tender at 125° C. (257° F.) and (b) those more tender 
at 225° C. (437° F.). The judgments ‘‘slight’’ and ‘‘decided’’ as 
expressions of the degree of difference are not involved in the statis- 
tical calculations. To include judgments checked ‘‘no difference’’, .5 
is added to each of the two groups for each such judgment. This was 
the procedure followed by Mitchell and Beadles (1930). 


When this treatment is applied to the results obtained from rib 
roasts, there is a total of 181 judgments in favor of the low oven 
temperature method and a total of 81 in favor of the high oven tem- 
perature method. If there had been no effect of oven temperature on 
tenderness, the number normally expected would have been 131 for 
each group in a total of 262 comparisons. The deviation from normal 
expectancy is therefore 181-131 or 50. For a series of events such as 
this which may happen with equal probability in either of two ways, 
the standard deviation is given by the formula ¢—=1W/ npq which 
when applied to these data becomes o = V 262 « 0.5 0.5 = 8.09. 
The deviation (50) is 6.18 times its standard deviation. For the chuck 
roasts the deviation (68.5) is 11.27 times its standard deviation (6.08). 
Since a deviation of three times the standard deviation is significant, 
the results for the rib roasts with a deviation of 6.2 times the standard 
deviation and for the chuck roasts with a deviation of 11.3 times the 
standard deviation may be interpreted as showing a highly significant 
difference between the two methods of cooking. 


While these data show definitely that there is a difference in the 
same direction in the tenderness of both chuck and rib roasts owing 
to the effect of high and low oven temperatures, mere observation 
seems to indicate that this effect is greater in the case of the chuck 
than of the rib roasts. That this difference does not arise from mere 
fluctuations in sampling but indicates a real difference between the ten- 
derness-ratios of the two cuts may be shown by statistical analysis* 
following the method given by Tippett (1931). The difference in the 
tenderness-ratios for these cuts is 0.2720 (chuck 0.9628—rib 0.6908) 





* Grateful acknowledgment is hereby made to Mr. C. B. Godbey of the Genetics 
Department of A. & M. College for help with the statistical analysis. 
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which is more than 8 times the standard deviation of the difference.? 
The results here obtained may be interpreted as showing a highly 
significant difference in the tenderness response of the two cuts to the 
two methods of cooking, the difference being in favor of the chuck 
roasts. The need for further work on the interesting question of 
what factors are responsible for this difference in response is therefore 
indicated. Some experiments along this line have been carried out 
and others are being planned. There is some evidence of a relation- 
ship between the tenderness response and the speed of cooking when 
the oven temperatures are held constant at 125° C. (257° F.). 


In addition to the strictly comparative test it seemed desirable to 
know something about how tender or how tough the roasts really were. 
The judges at the Texas Experiment Station had had little train- 
ing in subjective tests for tenderness and were somewhat confused 
when presented with the list of seven adjectives (very tender, tender, 
moderately tender, slightly tough, tough, very tough, and extremely 
tough) as given in the grading chart used in the National Cooperative 
Meat Investigations. A list of three adjectives (tender, neutral, tough) 
more nearly met with their approval. When one exceptionally tender 
roast was encountered, the list was lengthened to five adjectives, very 
tender and very tough being added. The adjectives were weighted arbi- 
trarily from 1 to 5, 5 representing ‘‘ very tender’’. This 5-point grad- 
ing chart was not devised to furnish a basis for unfavorable compar- 
ison with the paired-eating method but for further interpretation of 
the results obtained by the paired-eating method. 

The weighted average (Table 1) for the rib roasts cooked at 125° C. 
(257° F.) is .3 of a grade higher than for those cooked at 225° C. 
(437° F.). For the round-bone chuck roasts cooked at 125° C. (257° F.) 
it is .7 of a grade higher than for those cooked at 225° C. (437° F.). 


*The standard deviation of the difference is caleulated from the formula 
o=VvV o* + o* where o represents the standard deviation of the experimental 
tenderness-ratio of the rib roasts and @, of the chuck roasts. The standard devia- 





; /n 
tion of the tenderness-ratio is given by the formula ¢ =\ as which may be 


|p—p 
| Sonetees, 
number of judgments in favor of the low oven temperature method divided by the 
total number of judgments in each kind of roast. When applied to the data 
| 0.6908 — (0.6908)? 
from the rib roasts the above formula becomes o. =V 269 
and when applied to the data from the chuck roasts it becomes 

— , | 9.9628 — (0.9628)? 
bd 148 
then becomes on = V (0.0286)? + (0.0155)? = 0.0325. 


simplified to ¢ = The value for p (n/N in the table) is the total 





= 0.0286 








= (0.0155. The standard deviation of the difference 
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Although these differences are small and no statistical treatment 
was used with them, they indicate that: 


1. The constant low oven temperature method [125° C. 
(257° F.)] produced a more tender roast. 

2. The difference in tenderness between the two methods of 
cooking is more pronounced in the case of the round-bone 
chuck roasts. 


It should be noted, however, that the roasts cooked at the low even 
temperature were not always given the highest possible score for ten- 
derness. It is probable that factors other than high and low oven tem- 
peratures are involved in the problem of tenderness in roasts. 


DISCUSSION 


The paired-eating method for testing tenderness has the advantage 
of direct comparison of two paired samples; any difference in tender- 
ness between the two samples is easily detected and conveniently 
recorded. The results of a large number of such paired observations 
may be depended upon to bring out clearly any difference which is 
present. The method has proved to be decidedly satisfactory for test- 
ing differences in tenderness of meat resulting from two methods of 
cooking, and it is suggested, therefore, to other workers for trial in test- 
ing other factors of palatability of meat or other foods wherever sim- 
ilar suitable comparisons may be arranged. It is suggested also as a 
suitable method to use in perfecting the various objective methods of 
testing tenderness of meat. It should be emphasized, however, that 
this method is applicable only to those cases in which the difference 
between two comparable samples is the important consideration. It 
cannot be used for comparing a large number of individual roasts 
with each other, nor for comparing individual roasts cooked on dif- 
ferent days. 

The weighted adjectives furnish a valuable supplement to the 
paired-eating method by giving a record of whether the meat being 
dealt with is tender or tough. The paired-eating method, however, is 
more reliable for detecting differences between paired samples. 


SUMMARY 


The paired-eating method is a new method of testing the tenderness 
of meat. It consists essentially of making comparative judgments of 
only one factor of palatability—tenderness—of two samples paired as 
closely as possible. 

In this study the paired samples were small pieces cut from paired 
slices of paired roasts (identical cuts from the right and left sides of 
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the same careass), one of which was cooked at a low oven temperature 
and the other at a high oven temperature. 

By this method differences are easily detected and recorded by the 
judges and the results of the judgments may be interpreted with little 
doubt as to the actual differences involved. 
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A NOMOGRAM FOR THE RELATION BETWEEN THE 
QUINHYDRONE POTENTIAL AND pH AT 
VARIOUS TEMPERATURES 


GEORGES KNAYSI 
Department of Dairy Industry, New York State College of Agriculture, 
Cornell University, Ithaca, New York 


(Received for publication, June 4, 1936) 


In determining pH values from quinhydrone potentials the tem- 
perature must be taken into consideration. At about pH 0.1, the 
effect of the temperature is nil, but as the pH moves toward the 
alkaline side, this effect becomes more and more important; and for 
accurate work, corrections must constantly be made, usually from 
tables given at 5° C. (41° F.) intervals. In addition, in the Leeds & 
Northrup Company tables, potentials are given at 0.1 pH intervals, 
necessitating a second set of calculations. 

Recently, Pulley (1936) published a chart in cartesian codrdinates 
in which the effect of temperature can be deduced graphically with a 
minimum amount of caleulation. The accuracy claimed for the chart 
is + 0.05 pH. 

In the writer’s opinion the problem lends itself to the use of 
nomography ; consequently, he constructed a nomogram which he has 
been using for over a year. 

The formula used in the construction is the one used by the Leeds 
& Northrup Company in the calculation of their tables: 


V + 0.4529 + 0.00002 ¢ 
oH = 





0.00019832 T 
where V represents the voltage with respect to the saturated calomel 
electrode, ¢ the centigrade, and 7 the absolute temperature. 
By transforming the above relation to the form 
V + 0.447438 
T— —0 
0.00019832 pH — 0.00002 





it is redueed to the classical form 


fifs + f2=0 


representable by a nomogram of three scales, two of which are sup- 
ported by parallel axes. 

Without going into the mathematical procedure which allowed 
the construction, and for which the interested reader is referred to 
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standard books on nomography, the original nomogram reproduced 
in the adjoining figure may be described as follows: 

The two parallel axes are each 240 mm. long and 240 mm. apart. 
They are graduated by dividing them into the necessary number of 


O 
S 
40° 


Fig. Nomogram of the Relation 


V + 0.4529 + 0.00002 (T-273.1) 
pH = 





0.00019832T 


equal parts, taking into consideration the usual ranges of potential 
(+0.100 to —0.500 volt) and temperature [0 to 40° C. (32 to 
104° F.)]. 

The pH axis intersects the V scale at the point V = 0.4474 and the 
T scale at the absolute zero. This gives the pH axis a slope of \%, 
corresponding to an angle with the V axis of about 7° 7’ 30”. The 
figure allows one to do away with additional mathematical specifica- 
tions. The simplest way to graduate the pH scale is to find from the 
above formula which values, say of V, correspond to given values of T 
for pH — 0, 1, 9. It a straight edge is then placed between the 
given V and T points, it will intersect the pH axis at the corresponding 
pH value. For instance, if a straight edge be placed between the 
points V—= —0.0396 and T = 298.1 [t = 25° C. (77° F.) ] the straight 
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edge intersects the pH axis at a point which should be marked 7. There 
is a mathematical way of making the graduation, but the above one 
suffices. 

The accuracy of the nomogram is beyond what most work requires. 
The table shows the differences between ten read and calculated values, 
and the standard deviation is found to be + 0.0158. The accuracy may 
still be raised by the use of transparent indices and graphical verniers. 


TABLE 1 








pH 


A !— Square of the 
Vv Found Calculated Difference difference 





—0.350 1.75 1.78 —0.03 0.0009 
—0.350 1.83 1.84 —0.01 0.0001 
—0.200 4.21 4.22 —0.01 0.0001 
—0.110 : 5.83 5.81 +0.02 0.0004 
—0.090 5.88 5.86 +0.02 0.0004 
—0.070 6.93 6.94 —0.01 0.0001 
—0.0675 6.68 6.68 0.00 0.0000 
—0.390 1.07 1.06 +0.01 0.0001 
+0.010 : 7.84 7.84 0.00 0.0000 
+0.050 : 8.79 8.81 —0.02 0.0004 





Sum of the squares of differences = 25. 
Standard deviation = + 0.0158. 
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THE PRESERVATION OF GRAPE JUICE 
III. STUDIES ON THE COOL STORAGE OF GRAPE JUICE 


CARL S. PEDERSON 
New York State Agricultural Experiment Station, 
Geneva, New York 


(Received for publication, June 5, 1936) 


Storage of grape juice after pressing and before bottling is essen- 
tial to the precipitation and subsequent removal of argols. In the 
past, grape juice has been pasteurized and stored in carboys or jugs 
in a relatively cool room. To eliminate pasteurization of juice before 
filling ecarboys, cool and cold :‘orage have been used. These studies 
were conducted to note the effect of low-temperature storage upon 
microorganisms present in the juice. 


The grapes were handled in the usual manner through the pressing 
stage. After pressing, the juice flowed by gravity into large storage 
or holding vats. The juice from the vats was pumped through water- 
cooled coils which reduced the temperature to about 26.7 to 29.4° C. 
(80 to 85° F.), then through brine-cooled coils which reduced the 
temperature to 4.4 to 7.2° C. (40 to 45° F.), and then over a surface 
cooler which finally reduced the temperature to about —1.1° C. 
(30° F.). This was a continuous flow system and required only a 
matter of several minutes for the juice to pass through the series of 
coolers. The chilled juice flowed directly into cement or wooden tanks 
in the storage rooms. The storage rooms were equipped with an auto- 
matie blower refrigerating system which maintained a temperature in 
the juice of approximately —2.2° C. (28° F.). Slight variations were 
noted throughout the rooms, temperatures in front of the blowers natu- 
rally being somewhat lower, that is —3.9° C. (25° F.). At these tem- 
peratures grape juice usually freezes into slush ice on the surface. 
Such juice is stored until the argols are precipitated, and then filtered, 
preheated, sweetened, and bottled in the usual manner. 


EFFECT OF STORAGE TEMPERATURES UPON 
NUMBER OF MICROORGANISMS PRESENT 
Numerous studies have been made in the past concerning the effect 
of freezing upon microérganisms. Results of such studies have varied 
somewhat but ordinarily it has been found that the number of organ- 
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isms in acid fruits has decreased during storage. Reviews of the 
literature are numerous and need no repetition. 

In these studies samples of grape juice have been obtained from 
the surface cooler and plated, using a yeast-extract-peptone-glucose 
agar and incubating at 30 to 32° C. (86 to 89.6° F.) for four days. 
The relative numbers of organisms present during various stages in 
processing have been previously reported by Pederson (1936). The 
plate count on the juice, after passing through the cooling coils, has 
ordinarily varied from 10,000 to 20,000 per ec.c. In general, counts 
made upon juices from various vats after two months in storage and 
then again after four months have shown counts much below 10,000 
per ¢.c. and in one case only 40 per ¢c.c. Counts on one sample were not 
appreciably reduced during four months in storage. 

A number of samples obtained under various conditions, were 
stored in bottles in the cool-storage rooms and counts were made at 
intervals of three, six, and ten months. Series of samples were obtained 
from the third or surface cooler, from the holding vat before cooling, 
from hand-extracted juice made from poor and from good grapes, and 
from juice in the storage tanks. Some of this juice was heated and 
bottled and some samples were benzoated. The juice was bottled so 
that it could be mixed thoroughly at the time of plating. Some of the 
bottles were stored in the cool-storage room proper with no provision 
to keep air away from the juice. Others were suspended by cords 
in a vat of the cold juice. All samples were plated previous to placing 
in the cool-storage rooms and again three, six, and ten months later. 
The number of living organisms was reduced in all cases after three 
and six months’ storage (Table 1). Yeasts were killed more readily 
than bacteria. Six samples showed an increase of mold at the end of 
ten months. The five samples of benzoated juice showed more rapid 
reduction in count than normal juice but four showed an increased 
mold content after seven months’ storage. The presence of mold was 
not so marked in the unbenzoated juices. Apparently the temperature 
of storage rooms may have risen during the warm period of July and 
August, thus allowing the molds to develop. This slight rise in tem- 
perature may not have affected the large vats as quickly as it did the 
small bottles. 


EFFECT OF MORE CONTROLLED CONDITIONS 
ON NUMBER OF MICROORGANISMS 


In order to study the effect of storage under more controlled con- 
ditions and at various temperatures a series of samples was stored at 
temperatures of —10, —7.8, —1.1, 1.1, 5, 6.7, and 11.7° C. (14, 18, 30, 
34, 41, 44, and 53° F.). Various cool or cold-storage rooms were used 
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for this purpose. To the juice used in one series .2 per cent of benzoate 
of soda was added, while the other was bottled without treatment. 
Plate counts were made at frequent intervals during the first month 
and then after two, five, and nine months of storage. 

The results showed a definite reduction in count in all juices 
stored at temperatures of 1.1° C. (34° F.) or lower (Table 2). The 
reduction in count was more rapid in the case of the benzoated juices, 
but even in the case of unbenzoated samples, 99 per cent of the organ- 
isms had died in five months. The benzoated juices did not ferment 
even at the higher temperatures. Reduction in counts was somewhat 
more rapid in juices stored at 30 and 34° C. (86 and 93.2° F.) than 
in juice stored at 14° C. (57.2° F.). 

Even at temperatures as high as 4.4 to 10° C. (40 to 50° F.) a 
gradual death of organisms took place previous to growth and fermen- 
tation. Even after nine months’ storage at 34° C. (93.2° F.) no growth 
had taken place in the juice, the plate count being only 10 per e.c. 


DISCUSSION OF RESULTS 

In general the results showed a gradual death of yeasts and bac- 
teria in grape juice while in low-temperature storage. This is gradual 
but apparently begins immediately after the low temperature is at- 
tained in the juice. 

In spite of the results here obtained, samples of grape juice have 
fermented in cold storage. It is difficult to account for this fermenta- 
tion. It may be due to excessive growth of yeast prior to cooling, 
resulting in fermentation after cooling and before actual death of 
organisms takes place. Since in examination of a few samples, how- 
ever, a high count of yeast was usually found, it seems more logical 
that certain strains become acclimated, grow, and ferment the product. 

Occasionally mold developed in the samples. Mold has been noted 
on a number of occasions on juice in cold storage, even though the 
juice has been frozen. It seems that the only safe method of eliminating 
mold is to exclude air from contact with the juice. 

From the standpoint of the quality of the juice itself, there is 
little doubt that this method of storage favors the retention of the 
natural aroma and flavor. It furthermore results in a more rapid 
precipitation of the argols and in a clearer juice. 
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INTRODUCTION 

Recently this laboratory had occasion to assist in the diagnosis of 
the cause of ‘‘swells’’ which occurred in a pack of commercially canned 
‘*roast’’ beef. The characteristics of this spoilage and the final solution 
of the problem are sufficiently unusual to warrant publication. As 
first reported the spoilage was characterized by the fact that it was 
confined to cans packed by the night shift and that the swells were 
present when the cans were removed from the retort following cooling. 
It was also peculiar in that the gas producing the swelled condition 
was largely hydrogen. The failure to isolate viable bacteria from the 
swelled cans, using a wide variety of enrichment cultures, furt‘er 
complicated the problem. Following these observations, together with 
the superficial examination of the cold-storage facilities and the pack- 
ing procedure, ete., it was decided that the problem was of sufficient 
importance to justify a more thorough study of the factors causing 
the spoilage. 

BACTERIOLOGICAL SURVEY 

Packing Procedure:t The raw beef was boned from chilled car- 
casses which had been inspected at the point of slaughter. The beef 
was then packed in wooden barrels and shipped in refrigerator cars 
to the plant where it was to be canned. Twelve to 13 hours were often 
required for this transfer. Immediately upon opening the cars, the 
barrels were transferred to refrigerated coolers. 

As production warranted, the barrels of boned beef were removed 
from the coolers, where the temperature of the meat had been main- 
tained at 4.4 to 7.2° C. (40 to 45° F.), and the chilled meat was forked 
into black iron precooking tanks of conventional design which were 
about one-third full of potable water. The precooking water was heated 
to boiling with direct steam issuing from perforated steam pipes located 
in the bottom of the tanks. The usual practice was to continue the pre- 


* Now with the Fruit Products Division of the College of Agriculture, Univer- 
sity of California, Berkeley, California. 
+t The authors are greatly indebted to Mr. L. G. Weiner, of the Research Depart- 
ment, for supplying the details of the packing procedure and other assistance in 
making packs. 
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cooking until the redness disappeared from the meat, which procedure 
required 25 to 30 minutes for three- to five-pound pieces. 

Following this procedure the meat was taken to the trimming tables 
where the excess fat, connective tissue, and skin were removed. The 
meat was then cut into small pieces (approximately one inch) by an 
electrically driven machine. It was conveyed immediately by galvan- 
ized metal chutes to metal-covered packing tables. The cans were filled 
by hand and then hermetically sealed by means of a vacuum closing 
machine ; the temperature of the meat at this time was 32.2 to 37.8° C. 
(90 to 100° F.). The cans were then processed for 150 minutes at 
115.6° ©. (240° F.) in conventional horizontal retorts and spray 
cooled after removing from the retort. The can size was 404 x 309, and 
the fill was approximately 24 ounces. 

Experimental packs of ‘‘roast’’ beef were made using variables 
of fill-in weight, machine vacuum during closing, and other factors 
which might represent conditions encountered during extreme varia- 
tions in the commercial packing procedure. In none of these packs 
was the spoilage reproduced. 

Bacteriological Survey of Plant and Raw Product: Although the 
organoleptic examination revealed the contents of the swelled cans to 
be normal, which is unusual in cases of bacterial spoilage, and despite 
the fact that the swelled cans were found immediately following proces- 
sing and cooling, a bacteriological survey was made of the plant equip- 
ment and the raw and parboiled product. 

There is no necessity for a complete presentation of the results 
of this study. The following list indicates the source of material from 
which cultural enrichments were made: raw meat (several barrels at 
different times of sampling); parboiled meat; salt and water used in 
making broth; broth from parboiling tanks; splinters from wooden 
paddles ; meat from the cutting machines; and samples taken at various 
other stages in the packing process, including samples from filled cans 
immediately prior to processing. 

As would be expected, a wide variety of bacterial types appeared 
in the enrichment tubes which were made on the samples above without 
further heating. Cocei, long thin rods, and plump rods were seen in 
microscopic examination of these enrichments. Only those enrich- 
ments which showed gas production at 36.7° C. (98° F.) in anaerobic 
media were considered of sufficient importance to warrant further 
study. Thermophilie subcultures were generally negative. 


ISOLATION OF SPOILAGE ORGANISM 
A study of the preliminary enrichments revealed that the salt and 
water were negative for gas-producing organisms while in general 
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those enrichments originating from the meat samples, whether raw or 
boiled, were positive. From several of the positive enrichments above, 
procedures were instituted to isolate an organism which would repro- 
duce the type of spoilage encountered. Secondary enrichments from 
these tubes revealed the presence of a plump Gram-positive rod but 
spores were not seen. Superficially the organisms from the various 
enrichments appeared similar. 

Typical cultures from the above samples representing both raw 
and cooked meat were purified by successive anaerobic plating tech- 
nique according to Spray (1930-31). The purified cultures were used 
for study of differential cultural characteristics and for the inocula- 
tion of cans of ‘‘roast’’ beef for reproduction of spoilage. 

For the latter purpose cans of processed beef were incubated for 
10 days at 36.7° C. (98° F.) and then autoclaved for a short time to 
insure absolute sterility. Following this the cans were inoculated with 
one ¢.c. of culture fluid with a sterile syringe by strictly aseptie pro- 
cedures. The cans were punctured with a sterile punch while still hot, 
inoculated and then immediately sealed by soldering, and incubated at 
37° C. (98.6° F.). Without exception, within a few hours cans treated 
in this manner developed sufficient gas pressure to produce ‘‘hard 
swells’’. A gas analysis made on samples secured from such cans 
usually showed from 20 to 22 per cent CO, and 70 to 75 per cent 
hydrogen. The meat in these cans appeared normal and there was no 
odor of putrefaction. 


IDENTIFICATION OF SPOILAGE ORGANISM 

The taxonomy of the spore-forming anaerobes, the genus Clos- 
tridium of the American system of nomenclature, is at best inadequate 
even though studies of this nature in this country, in England, and 
on the continent have been numerous, especially during the period 
immediately following the War. Certainly no one of the systems which 
have been proposed can be accepted as final even at the present time 
[Hall (1922), Lehmann and Neumann (1927), Robertson (1929), 
Spray (1933, 1934, and 1935), and Bergey (1934)]. A few species of 
the genus, however possess characters that are so well known that 
classification of them may be made without hesitation. To do so cer- 
tain cultural reactions, together with macroscopic studies and in some 
instances animal injections, are necessary. 


MICROSCOPIC AND CULTURAL CHARACTERISTICS 

OF SPOILAGE ORGANISM 
In the beginning of the study the following reactions for six strains 
(numbers 10, 12, 16, 30, 32, and 32P) were first determined to find 
the relative position within the genus of the cultures studied : 
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. Saecharolytic powers. Fermentation of dextrose, lactose, sucrose, 
and mannose in a standard base medium (1% tryptone broth). 
Starch hydrolysis in the corn-liver medium of McClung and Me- 
Coy (1934). 

. Proteolytic powers. Growth in liver medium, ete. Putrefaction 
as evidenced by odor. 

. Litmus milk reactions [milk with iron reduced by hydrogen 
added to aid anaerobic growth as suggested by Hastings and 
McCoy (1932)]. Both saccharolytie (lactose) and proteolytic 
properties may be distinguished on this medium. In addition, 
certain species give ‘‘typical reactions’’ which are often of value. 

4. Slants of liver agar were inoculated and incubated aerobically 

to check the purity of cultures. 

In addition to the above cultural reactions, studies were made of 
the microscopic features of the strains. All were found to be similar, 
if not identical, in the respect that the typical picture after 12 to 18 
hours was of a Gram+ rod of medium length with square blunt 
ends. Older cultures showed presence of ‘‘shell’’ or ‘‘shadow’’ forms. 
The bacilli occurred singly, in pairs, or in short chains. The motility of 
the cultures was also investigated. In accordance with several reports 
that the motility of anaerobes is best displayed in young cultures, 
examinations were made of the glucose broth tubes at four hours (active 
fermentation ensuing) ; the cultures were nonmotile as shown by the 
results of the cultural tests (Table 1). Results for all strains were 
the same in each instance. 

From the information above, a tentative placing of the cultures 
may be made. The uniformity of reactions suggests that the strains 
are of one species so that the classification details will be considered 
with this in mind. Obviously the species falls within the subgroup of 
‘‘saecharolytic properties predominating’’ within the genus Clos- 
tridium. Two general classes of this subgroup give the ‘‘stormy fermen- 
tation’’ of milk reported by McCoy, et al. (1930). These are the patho- 
genic group represented by Clostridium welchii and the nonpathogenic 
group of the Clostridium saccharobutyricum type. Two or three dis- 
tinguishing characteristics need to be considered in the separation of 
these general groups. 





Cl. welchii Ol. saccharobutyricum 
type 
1. Motility Yes 
2. Pathogenicity z No 
3. Hydrolysis of starch i Vigorous 











Two of these reactions, nonmotility and negative hydrolysis of 
starch, have been determined and observations made. This indicates the 
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organism in question to be Clostridium welchi. Further confirmatory 

evidence needed is the determination of the pathogenicity of the strains. 
The susceptibility of the guinea pig for Cl. welchi infections is 

well known. Two cultures were chosen for study (10 and 32P). From 

each strain the inoculations were made as follows: 

1. Intramuscular (hind leg). Two animals. 

2. Oral. One animal. 


TABLE 1 


Cultural Reactions of Six Strains of ‘‘ Hydrogen- 


, 


Producing Anaerobe’ 











Medium Reaction 

Tryptone base medium No growth 

Tryptone + 1% dextrose Acid. Violent gassing 

Tryptone + 1% lactose Acid. Violent gassing 

Tryptone + 1% sucrose Acid. Violent gassing 

Tryptone + 1% mannose Acid. Violent gassing 

Litmus milk ‘*Stormy fermentation’’ 
No putrid odor 

Liver broth Growth with active gassing 
No putrid odor 

Corn-liver medium Gas and slight starch 

hydrolysis 
Aerobie slant Negative 





Within four and one-half hours following the injections, all of 
those animals receiving intramuscular injections were showing signs 
of infection as evidenced by inactivity and pronounced swelling of the 
injected leg. These were observed to go through more advanced stages 
of infection until 24 hours after the injections. At this time the fol- 
lowing observations were made. One animal receiving intramuscular 
injection of number 32P was prostrated and unable to maintain 
equilibrium upon being righted. The other three were not quite so 
far advanced but showed considerable swelling of the hind legs and 
lower abdomen. Crepitant gas bubbles could be distinguished in all 
cases. These animals were sacrificed at this time and autopsies per- 
formed. The general post-mortem indicated marked swelling and 
discoloration of the injected leg and gas formation in the abdomen; 
spleen and liver reddened; slight serosanguinolent fluid in peritoneal 
cavity ; fat globules observed in fluid. In one animal (from number 
32P) the adrenals were reddened; these organs were normal in the 
other three animals. Subcultures were made into litmus milk and 
beef heart-egg medium from various organs, the exudate and muscle 
of the injected leg. These subcultures were all positive for the sus- 
pected organism. 
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The animals receiving the cultures orally were unaffected by the 
treatment. They were observed through a period of 96 hours and at 
no time did either exhibit evidence of discomfort. 


With the above information a positive designation may be made of 
the species Clostridium welchii. The distinguishing characteristics of 
this organism upon which this diagnosis was based are nonmotility, 
extensive saccharolytic properties with little or no proteolytic action, 
characteristic ‘‘stormy fermentation’’ of litmus milk, and pathogenic- 


ity with typical lesions in experimental animal. 


HISTORICAL LITERATURE OF CLOSTRIDIUM WELCHII 
PERTINENT TO THE PRESENT PROBLEM 

That a better understanding of the previous section may be made 
and for proper correlation of the properties of the organism in ques- 
tion with the observed facts of the problem, it may be well to include 
from the extensive literature on Clostridium welchii certain salient 
points concerning the morphology, physiology, and serology of the 
species. 

Distribution in Nature: Cl. welchii is almost universally distributed 
in nature in the spore form. Esty (1920) states that it has never been 
found in the vegetative state except in the tissues of the animal body. 
In addition to the almost countless isolations from various pathological 
materials obtained from operating or autopsy rooms it has been iso- 
lated from soil, dust, grains, and decaying vegetable and animal matter. 
It is a normal inhabitant of the intestinal tract of man and many other 
animals; indeed, its consistent appearance in sewage led to the sug- 
gestion of its use as an indicator of fecal pollution of water. The test 
for anaerobes in milk is based upon the presence of viable cells of 
Cl. welchii. 

Temperature Range of Growth: The optimum temperature is that 
of the body or 37° C. (98.6° F.). Growth will occur as low as 10° C. 
(50° F.) and a test for the quantitative estimation of Cl. welchii in 
feces is based upon the ability of it to grow at 48° C. (1184° F.) 
according to Chapman (1928). Growth of a variety of commonly 
known anaerobes, including Cl. welchii, at 50° C. (122° F.) was ob- 
tained by Greer (1926). 

Relation to Oxygen: Cl. welchii is an anaerobe but will grow under 
less perfect conditions in this respect than will other more ‘‘strict”’ 
anaerobes. 

Morphology: Cl. welchii is a plump, straight rod with only slightly 
rounded ends, one micron in width and four to eight microns in length. 
The cells may occur singly, in pairs, or chains, depending upon age and 
type of culture. The species is normally Gram+ in young culture, 
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but with increasing age granular and even Gram— elements are seen. 
In certain media there is present a capsule which may be readily 
demonstrated. The bacillus is nonmotile in all stages; it is peculiar 
in this respect, being one of the few nonmotile anaerobes. The spore 
is oval and from one and one-half to three microns long; usually the 
spore is formed in the middle of the rod or slightly toward one end. 
The sporangium is swollen. 

Cultural Reactions. Saccharolytic Ability: In various meat media 
(naturally containing small percentages of sugar) rapid growth is 
accompanied by the production of acid and violent gassing. In milk 
media there is quickly produced an acid curd resulting from the 
fermentation of lactose; this curd is torn or ‘‘shot’’ by subsequent 
gassing which gives rise to the typical milk reaction known as ‘‘stormy 
fermentation’’. Observations of fermentation of pure carbon com- 
pounds in a simple base medium reveal extensive saccharolytic powers. 
Glueose, levulose, galactose, maltose, sucrose, and lactose are readily 
fermented by all strains. The action on glycerin and inulin is variable, 
accounting for the four subgroups of Simonds (1915). Quantitative 
studies on the fermentations of Cl. welchii including the identification 
of products have been reported by Simonds (1915), Wolf (1918-19), 
Wolf and Harris (1916-17), Wolf and Telfer (1917), and Esty (1920). 
Enormous quantities of gas (H, and CO, in ratio of about 2 to 1) are 
produced in carbohydrate fermentation. Butyric, lactic, and acetic 
acids are also produced. A high percentage of H, reported in the 
early stages of fermentation may probably be accounted for by the 
fact that the decarboxylation step occurs late in the fermentation and 
also by the greater solubility of CO, in the liquid (the analyses prob- 
ably were made on the free gas). 

Spore Formation and Resistance to Heat: Spores are not formed 
upon all media. Simonds (1915) may be taken as representing the 
general opinion concerning sporulation. According to the results of 
this investigator sporulation does not occur in media containing fer- 
mentable carbohydrates and is inhibited by the presence of acid. As 
Cl. welchvi is by nature an organism which grows best in the presence 
of sugar the requirement of a medium for high yield of spores is not 
easily met. Probably the best is an alkaline medium high in protein 
and low in carbohydrates, such as alkaline egg-fluid or coagulated 
serum. 

The resistance to heat has been a matter of some study though the 
various reports are not in exact agreement probably owing to the 
gross differences in technique of the test. The early work on the heat 
resistanee of Cl. welchii may be quoted from Simonds (1915) : 

‘“Andrewes in 1899, found spores of B. enteritidis sporogenes in rice pudding 
which had been cooked at a temperature ranging from 70° to 89° C. (time not 
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stated). McCampbell, in 1909, found the thermal death point of B. welchii spores 
to be 100° C. for 15 minutes. Rodella in 1910 and Von Hibler in 1906, reported 
strains of B. welchii spores that resisted boiling for an hour and a half. In 1898, 
Wild found spores in stools more resistant than those in cultures.’’ 

Esty (1920) was the first to make any detailed study of the problem. 
His studies included both the vegetative and spore forms. With ex- 
posures of 15 minutes to the temperature being studied (inoculum of 
five loopfuls of eight-hour broth culture), Esty concluded that the 
thermal death point of vegetative forms varied according to the source 
of culture and the durations and conditions of growth previous to the 
test. Cultures from market milk survived 56° C. (132.8° F.) and 
died at 61° C. (141.8° F.), whereas those from human feces ranged 
from 59 to 61° C. (138.2 to 141.8° F.). Two thermal death points for 
spores were found. In one ease the cultures would not resist 90° C. 
(194° F.) for 15 minutes but the second group would resist 100° C. 
(212° F.) for 15 minutes or longer (some as long as 30 to 40 minutes). 
Only two exceptions were found to this general conclusion. 

One extensive study of the heat resistance of this organism was one 
of a general series of Headlee (1931) entitled, ‘‘Thermal Death Point. 
III. Spores of Clostridium welchii’’. In this, the spores were produced 
in alkaline egg medium, concentrated by centrifugation, and standard 
suspensions prepared (to calculate amount to give concentration of 
1,000,000 spores per e.c.) following counting with haemacytometer. 
The spore suspensions were heated in five ¢.c. amounts (sealed glass 
test tubes) in a de Khotinsky oil bath. The tubes were removed one at 
a time during the heating process and following cooling they were 
opened and three subcultures (one ¢.c. each) made from each tube. 

The resistance of various strains fell within the limits indicated by 
the following: 











Resistance in Minutes Temperature Conditions 
55 to 80 56°C: (285° FF.) 857% NaCl 
25 to 35 90° C. (194° F.) 857% NaCl 
10 to 15 95° C. (203° F.) 85% NaCl 
—5 to 10 100” C.. (219° F.) 85% NaCl 





The effect of pH of the suspending medium is seen in the following 
figures compiled from the report of Headlee: 
































| Clark-Lubs Buffers | One per cent Peptone 
pH 5| pH6 | pH7 | | pH 4.1| pH 5.4| pH 6.0| pH 6.6 
90° C. (194° F.)} 55 50 | 15 90° C. (194° F.)| 50 | ~- 70 35 
95° C. (203° F.)} 20 15 | 10 

=i 


95° C. (203° F.)} 10 | — 20 20 


100° C. (212° F.)} 10 |5 or -—5|5 or —5/100° C. (212° F.)} 10 10 | 10 | 10 





It was suggested that a toxic effect of the buffer salts might have 
partly obscured the effect of the hydrogen ion as the maximum resist- 
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ance did not occur at the same level in the peptone solutions. Peptone, 
gelatin, and starch were favorable to high resistance in later experi- 
ments. 

Pathogenicity of Cl. welchii: Bull and Pritchett (1917) completely 
overthrew all previous conceptions of the pathogenic action of this 
organism. Where others had failed, they succeeded in showing that 
the destruction of tissues and the lethal effects of Cl. welchit were due 
to a specific bacterial toxin and not to the blood invasion of the micro- 
organisms nor to acid intoxication. The toxin belongs to the class of 
exo-toxins in that filtrates of active cultures retain the potency of the 
original fluid. Their work has subsequently been confirmed by Esty 
(1915); DeKruif, Adams, and Ireland (1917); Henry (1922) ; 
Wilsdon (1931); Glenny, et al. (1933); Mason (1933); and others. 
The toxin has also been shown to be composed of two fractions, haemo- 
toxin (haemolysin) and the killing toxin (eytolysin or myotoxin). 

The usual method of demonstration of the toxin is by the intra- 
muscular injection into the thigh of a guinea pig of 0.2 to 1 ¢.c. of 
young meat culture. The pre- and post-mortem pictures as described 
by Robertson (1929) are adequate for identification : 

**Tn the course of a few hours from the time of inoculation the animal becomes 
quiet, but continues to feed; there arises «1 marked swelling of the limb injected 
and there may be crepitation from the formation of gas. The oedema spreads all 
over the abdomen and into the axillary region. ... Examination immediately after 
death shows an extensive fluid oedema usually blood-stained. ... There are often 
globules of fat floating in the oedema fluid. There may be some gas in the tissue; 
the muscles of the limb at the site of the injection are sodden and friable. .. . 
[The adrenals] may be of a deep red colour, especially if the death of the animal 
has taken place rapidly.’’ 

The thermolability of the toxin was demonstrated by Bull and 
Pritchett who showed the toxicity of a filtrate to be destroyed by heat- 
ing 30 minutes at 70° C. (158° F.) in sealed tubes and to be greatly 
diminished by similar heating at 62° C. (143.6° F.). Esty (1920) 
found that feeding vegetative cells or spores to guinea pigs had no ill 
effects. 

DISCUSSION 

Since an organism isolated from raw and parboiled meat used in 
the preparation of canned ‘‘roast’’ beef in which spoilage occurred 
was identified as Clostridium welchii of the medical literature, it is of 
importance to discuss the significance of this finding and to critically 
examine the facts of the spoilage. 

It will be remembered that the swelled cans of meat were manifest 
immediately following processing and at no time were viable organisms 
isolated from the processed cans. Neither the odor, taste, nor color 
appeared abnormal. Analyses indicated that the gas in the swelled can 












316 L. S. MCCLUNG AND E. WHEATON 


was largely hydrogen. With these facts in mind are the spoilage data 
satisfactorily explained ? 

To the authors the following explanation seems plausible. The 
meat, as received at the canning plant, was contaminated with the gas- 
producing organism, the low refrigeration temperatures having re- 
tarded growth during transit from the point of slaughter to the 
canning plant. During the parboiling process the temperature of the 
meat was not raised sufficiently to kill all the cells present in the 
center portions and these quickly multiplied in the can of meat which 
was closed under a mechanical vacuum. At this time the temperature 
of the meat in the cans was approximately 100 to 110° F. (212 to 
230° F.). Any delay in the canning procedure, such as trucks or crates 
of closed cans awaiting process, resulted in the production of sufficient 
gas to cause swelling of the cans during processing. All cells were killed 
during processing thus accounting for the fact that no viable organisms 
could be recovered from the swelled cans. Considering the well-known 
irregularity with which Cl. welchii sporulates it is probable that only 
a few, if any, spores were present at the time of processing; thus 
sterilization was easily accomplished. When one considers the rapidity 
with which gas is produced in eases of gangrene resulting from a 
heavily contaminated wound it is easy to appreciate the fact that only 
a short ineubation period was necessary for sufficient gas to form to be 
responsible for the swelled cans. 


PUBLIC HEALTH SIGNIFICANCE 

It must be emphasized that spoilage in this instance was not toxic. 
In the first place no organisms survived the heat process, and also the 
toxin of Cl. welchii is not harmful when administered orally. Any 
preformed toxin would also be destroyed in the heat process as shown 
by studies of the literature of the heat lability of the toxin. Therefore, 
no illness could result. 

For several years the various control laboratories of the canning 
industry have been aware of the questions of plant sanitation and plant 
contamination and successful efforts have been made to improve con- 
ditions wherever possible. The spoilage reported in this instance is 
but one example of the necessity of strict plant sanitation and for 
constant vigilance to see that no delay occurs at any time during the 
canning procedure from the time the raw product enters the cannery 
until the cans have been cooled following processing. 


SUMMARY 


The results are reported of an investigation of the cause of swells 
in a pack of commercially canned ‘‘roast’’ beef. Failure to isolate 
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viable organisms in the swelled cans led to a bacteriological survey of 
the plant and packing procedure. It was found that the raw meat was 
contaminated with the anaerobic gas bacillus, Cl. welchu. This organ- 
ism was apparently not killed in the precooking procedure, but through 
rapid growth in the warm meat produced sufficient gas to swell the 
eans. The condition did not constitute a public health hazard as the 
organism and any preformed toxin were destroyed in the processing of 
the eanned product, and also the toxin is not effective when admin- 
istered orally. 
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DRIED EGG-WIITE 
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The preparation of dried egg-white is an important agricultural 
industry. The product finds its principal application in the food 
industries, but surprisingly large quantities go into other industries 
of the most varied character (Table 1). 


TABLE 1 
Some Uses of Dricd Eqg-White* 


Foods : 





Constituent of 


In bakery products, confections. 
Sizing: On paper, textiles, leather, fur. 
Body for Pigments: In special varnishes. 
Adhesive: For bottle caps, gold leaf, ete. 
Emulsifying agent: In the alum tanning of light leathers, in pharma 
ceutical preparations. 
Clarifying agent: For wines, beer. 











Ovson (1933); Oil, Paint and Drug Reporter (1954) 


Dried egg white is a source of egg white in foods, a sizing mate- 
rial, an emulsifying agent, an adhesive, and a body for pigments. 
The development of new uses is also to be expeeted in any con- 
nection requiring a soluble protein. Dried egg-white is not a product 
of constant composition and therefore of unvarying properties. Its 
chemical make-up and physical characteristics both vary with the 
process of preparation and perhaps with the ‘‘grade’’ and variety of 
eggs used. In general insufficient attention has been paid to the 
manufacture of dried egg-white particularly suited to a given purpose, 
but it is evident that the requirements for a good ‘‘egg-albumin’’ vary 
with the applieation that is to be made of it. Consequently. no one 
process of manufacture can be held superior to the others in all 
respects. For food purposes, however, egg-white should be valued 
for its color, its ability to re-disperse in water (‘‘reconstitute itself’’), 
its cleanliness, and for the nearness with which its behavior in the 
hands of baker or eandy-maker approximates the behavior of the fresh 
undried white of egg. 

Fresh white of egg consists of a thick, jelly-like mass, ordinarily 
spoken of as the ‘‘thick white,’’ and a thin, comparatively mobile 
liquid called the ‘‘thin white.’’ The two may be separated by a screen. 


”? 
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The proportion of thick white is often 60 to 70 per cent of the total. 
especially in very fresh eggs. Industrial means for the preparation 
of dried egg-white entail not only a process for removing water from 
the white but also a process for first liquefying the jelly-like fraction. 
This thinning process is necessary because it is very difficult to dry 
pieces of thick white adequately, and when once dried the protein 
remains insoluble in water, just as it was in the fresh state. Thinning 
is ordinarily accomplished by allowing the egg whites to ‘‘ferment’’ 
at room temperature in vats for several days. Owing to loss of carbon 
dioxide and the production of ammonia by deaminating enzymes the 
freshly broken egg-white soon becomes alkaline and forms a favorable 
medium for the development of a more or less extensive bacterial 
flora. Decomposition of proteins and carbohydrates follows in due 














eourse, 
TABLE 2 
Accelerated Liquefaction of Egg-White by Added Trypsin 
Ratio et ~ 4 Time | - ‘Bacterial : 

enzyme to required for count after 
liquid egg! liquefaction liquefaction 
neni ae an yn © oper ee. 
No enzyme 6.5 days (room temp.) 1,800,000 

1 to 3,000 21 hours (room temp.) 117,000 

1 to 5,000 30 hours (room temp.) 210,000 

1 to 10,000 36 hours (room temp.) 180,000 

1 to 15,000 72 hours (5° C.) none 








‘Weight of dried trypsin (a preparation by Fairchild was used) to weight of ‘undried 
egg-white 

In addition to the protein breakdown caused by the bacteria there 
occurs a partial digestion of the protein owing to the presence of a 
proteinase intrinsie in the egg-white itself. An investigation of the 
proteinase of egg-white by Balls and Swenson (1934) has shown 
that it aets like panereatie trypsin. The egg enzyme oceurs in a 
partly inactive state and is activated by enterokinase from the ani- 
mal intestine. It digests proteins fastest in an alkaline medium, so 
the increased alkalinity of the white also accelerates the breakdown 
of the thick fraetion by the egg proteinase. A similar phenomenon 
also occurs with shell eggs kept in storage. The ratio of thin to thick 
white inereases in such eggs apparently as the result of the activity 
of the protein-splitting enzyme. 

Since the enzyme is present in the egg-white from the start, its 
action is fairly constant, whereas the bacteria produce greater effects 
as time goes on because they multiply. Recognizing this situation the 
Bureau of Chemistry and Soils has conducted experiments with the 
aim of accelerating the enzymie decomposition of the egg-white to 























greatly increased in number. 
suitable protein-digesting enzyme accomplished this result. 
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the point where it is practically completed before the bacteria are 
It was found that the addition of any 


The most 


suitable digestive ferment, however, is trypsin, because the natural 
alkalinity of the egg-white is favorable to the action of this enzyme 


but deterrent to that of papain and other proteinases. 


It is therefore possible to regulate the time required for thinning 


the egg-white by the dosage of trypsin and by the temperature at 
which the enzyme is allowed to act. Even small doses of trypsin are 
eapable of shortening the thinning time considerably, with a corre- 
sponding decrease in the total bacterial population of the material 


(Table 2). 


Judging from our observations on eggs held in cold storage, the 


activity of the proteinase is retarded by low temperature but it by 


no means ceases. 
retarded far more. 


The growth of bacteria in egg-white appears to be 
t=] tok on] 
As a consequence, at temperatures of 4 to 6° C. 


an almost sterile thin egg albumin ean be prepared, provided sufficient 


time is allowed for the action of the enzyme. 


The product made by drying the enzymically hydrolyzed egg- 


white has been tested so far only in relation to its use in foods. Two 


tests are commonly employed by the industry for this purpose, a 


‘‘whipping’’ test and a ‘‘baking’’ test. In both eases the dried egg- 


white is permitted to disperse in cold water over night. The resulting 


liquid is whipped into foam in a mechanical beater that works at a 


definite speed. 


The foam is then compared as to volume and stability 


with foams similarly prepared from fresh eggs or other sources of 


egg-white. 


The foam is then incorporated with other ingredients, 


used according to a standard formula, to make an ‘‘angel-food’’ eake. 


The size, texture and taste of this cake are then compared to similar 


cakes made from other egg-white. 
practice is necessary, 


A great deal of experience and 
particularly in comparing the cakes, and we 


wish to acknowledge with thanks the kindness of L. H. Bailey of the 


Food Researeh Division, who made and graded the cakes. 


It appears from these experiments that the enzymically prepared 


egg-white behaves as well as the dried ‘‘fermented’’ egg-white of the 


trade, and perhaps a little better (Table 


» 
0 


4g 


One may expect egg-white hydrolyzed by trypsin to resemble the 


thin white of fresh eggs more closely than does the ‘‘fermented’’ 


variety. The bacterial growth during 


se 


changes in the egg-white besides that of breaking down the water- 


fermentation’’ produces other 
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insoluble proteins. A heavy loss in the carbohydrate of the egg-white 
occurs during ‘‘fermentation,’’ and it may be reasonably inferred that 
this loss is due to bacterial action. The loss of carbohydrate is mini- 
mized in the enzymie process and may perhaps be obviated entirely by 
digesting at low temperatures. The data shown here were obtained 
from quantitative estimations of the reducing sugars in dried egg-white 
(Table 4). It is recognized that quantitative values for the carbohy- 
drates in egg-white are not altogether to be relied upon. The carbo- 
hydrate is not originally present as a reducing sugar but is bound to 
the protein as a polysaccharide that must be liberated by enzyme 


TABLE 3 


Whipping and Baking Tests on Fresh and Dried Whites 





. > Baking tests 
Whipping tests angel-food cakes" 





Characteristics of Beating P ’ 
. , meringue time Height | Rating on 
Egg white ready for of texture 

Depth Body Odor cake cake and body 














inches minutes inches 
Freshly broken out 6.5” | Firm | Sweet 3.0 2.25 First 
Fermented (no enzyme) 5.0” ISI. soft] Good 10.0 2.25 Second 
Thinned by trypsin (1 to 3000)| 6.5” | Firm |Sweet 10.0 2.00 | Fourth 
+ 6¢ $6 (1 to 6000)| 6.0” | Firm |Sweet 8. 50 | Third 
fe «e461 to 3000)| 6.5” | Firm | Sweet 0 | 2.25 | Fifth 


Fresh dried (no enzyme) 5. Firm | t 75 =| Sixth 




















5 





1 Cake formula: 
tone 85.3 grams 
Salt oo .5 grams 
Flour... . 36 grams 
Sugar . 85.3 grams 
Cream of tartar. ue -7 grams 
Vanilla 2 grams 


Total 208 grams 


action. JIlow completely this ceeurs and through what catalyst is not 
known. Furthermore, the determination of reducing sugars is cer- 
tainly inaccurate in the presence of proteins or their hydrolysis prod- 
ucts, because of the likelihood of other reducing substances (such as 
cysteine or cysteine-peptides) being present. With the possible execep- 
tion of the orein reaction employed by Soérensen (1934), Holden 
(1926), and others, and which we have not used, there is no good 
method for the determination of the sugar in egg-white. On the other 
hand, dried albumin represents a protein hydrolysis product in all 
cases. If there is a difference in the extent of the breakdown between 
the trypsin-treated and the bacterially ‘‘fermented’’ products. it is 
very probable that the latter is more completely decomposed. On both 
of the counts just mentioned the reducing sugar should seem higher 
in the ‘‘fermented’’ egg-white. The reverse is the case. While the 
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trypsin-hydrolyzed product contained considerable sugar, about equiv- 
alent to the commonly accepted sugar content of fresh egg-white as 
illustrated by the analyses of Mitchell (1932), the ‘‘fermented’’ sam- 
ples showed almost none at all. 

The close resemblance between trypsin-hydrolyzed egg-white and 
the thin white of fresh eggs may also be a disadvantage in that the 
protein is more readily denatured than if it had been further broken 
down. Samples of the dried trypsin treated egg-white show this 
denaturation clearly after being kept for several months at room 
temperature. The color of the dried material changes meanwhile 
from amber to red to red brown. At the dark-colored stage the 
protein no longer disperses in water. The reaction is apparently 
more than a denaturation and is either accompanied by an oxidation 
or by combination of the sugar with amino-nitrogen (the so-called 
Maillard reaction). The presence of comparatively large quantities 


TABLE 3 
Reducing Sugars in Egg-White’ 








- Reducing sugar 
Type of egg-white as glucose 





per cent 
Freshly broken whites, immediately after breaking 3.50 
Liquefied with added enzyme at 4.4° C. (40° F.) after 
hours 3.47 
Liquefied with added enzyme at room temp. after 72 hours 2.85 
Liquefied with natural enzyme at room temp. after 6.5 days 0.52 








1The tungstic acid precipitation of Folin and Wu (1920) may be applied to egg-white 
wake le cneh. tie tabadag sagas nes comguaed ak Queue ty Gs waked of lie 
and Wu, as modified by Benedict (1926). 
of sugar in the product makes the latter explanation particularly 
attractive. This denaturation is greatly delayed, perhaps altogether 
withheld, if the dried egg-white is stored at ice-box temperatures. 

The breakdown of thick egg-white as accomplished by trypsin is 
a limited reaction. It does not continue indefinitely, except in the 
presence of relatively large amounts of enzyme. The well-known 
inertness of egg-white toward trypsin is due, according to Sugimoto 
(1913), to the presence of a so-called anti-trypsin. This substance was 
investigated by Balls and Swenson (1934) and it was found possible 
to extract it from the egg-white and to partially purify it. More 
recently Hughes, Scott and Antelyes (1936) showed that the anti- 
enzyme in fresh eggs resides largely in the layer of white immediately 
surrounding the yolk, known as the inner thin white. There is some 
reason for thinking that the inhibitory substance is itself a product 
of the digestion of the proteins of thick white and in this way prevents 
‘apid proteolysis in the whole egg. 
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In proposing this aew method* for the preparation of dried 
egg-white, the authors are fully aware of the limitations imposed by 
the readier denaturation of the product. They believe, however, that 
its high sugar content, its freedom from bacteria, and in general its 
closer resemblance to fresh egg-white more than offset this difficulty. 
In addition, consideration should be given the facts that the enzyme- 
treated product can be prepared much more rapidly, with a substantial 
saving of time to the factory, and that the process of preparation can 
be controlled by the operators to a degree impossible with the present 
fermentation process. 
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PRESERVATION OF GRAPE JUICE. 
PASTEURIZATION OF JUICES OR MUSTS PREPARED 
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The juice of the Concord grape is by far the most commonly used 
unfermented grape beverage. A small amount of juice from other 
grape varieties is consumed as an unfermented beverage, but the 
larger quantity is used in the preparation of wine. In preparing un- 
fermented juice it is necessary to kill all the organisms; but for prep- 
aration of must for fermentation into wine, it may be necessary to 
kill only the large majority of organisms so that the yeast from the pure- 
culture inoculum may predominate in the fermentation. It is therefore 
considered of interest to study the pasteurization temperatures and the 
rate of killing of microérganisms in juice prepared from many vari- 
eties of grapes produced in New York state. Pasteurization studies 


have therefore been conducted upon juice prepared from Fredonia, 


Ontario, Niagara, Elvira, Delaware, Concord, Catawba, and California 
Museat grapes. 

In previous papers by Pederson (1936) and Tressler and Peder- 
son (1936) studies on the pasteurization and preservation of flavor 
and quality in Coneord grape juice have been reported. 


METHODS 

In all the experiments the grapes were cold pressed in a small 
commercial type press, which has about the same efficiency as the 
larger type press. Gallon lots of the juices were stored at 1.1° C, 
(34° F.) for several hours in order that all juices would be at approxi- 
mately the same temperature when pasteurization was begun. The 
juice was then emptied into an aluminum five-quart double boiler 
which was used as a pasteurizer in order to simulate the open-kettle 
method used in ordinary commercial practice. The water in the 
boiler was kept hot by a gas flame. 


1 Approved by the Director of the New York State Agricultural Experiment Station 
for publication as Journal Paper No. 139, April 28, 1936. 
2Food Research Division Contribution No. 290. 
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THE PRESERVATION OF GRAPE JUICE 


Temperatures of the juice and the water bath were obtained by 
means of thermocouples; one placed in the bottom part of the double 
boiler and three in the juice, one at the side near the bottom and one 
each at the top and bottom of the center. The thermocouples were 
connected through a rotary switch to an electro-potentiometriec ther- 
mometer. Readings at all points were taken at the start of the 
pasteurization and at approximately one-minute intervals during 
pasteurization. 

-asteurization was continued until temperatures of the juice 
from 73.9 to 82.2° C. (165 to 180° F.) were obtained. With few 
exceptions the juice was stirred by means of a wocden spoon during 
pasteurization. Samples of the juice were plated at one-minute 
intervals throughout the period of the pasteurization using a yeast 
extract-peptone-glucose-agar medium. Plates were incubated for four 
days at 32° C. (89.6° F.). After the colonies were counted, they were 
studied microscopically and culturally to determine the type of organ- 
isms present. All colonies appearing on the last few plates showing 
growth in each run were isolated and reinoculated into tubes of 
grape juice to note whether or not they were able to grow in the 
juice. 

The contents of the kettles were not stirred during the pasteuri- 
zation of the first two samples of Concord juice and Delaware juice in 
order that the effect of stirring upon the uniformity of heating 
throughout the kettle could be determined. Since Delaware juice is 
one of the most acid grape juices (Table 4), organisms should be 
killed in it at least as readily as in less acid juice. 

Samples of Concord and of Catawba were pasteurized after the 
addition of 50 ppm. sulphur dioxide in order to observe the effect of 
this preservative in grape juices. It has been previously shown by 
Pederson, Goresline, and Beavens (1935) that this preservative low- 


ered the temperature required for pasteurization of wines but not 
enough to recommend its use. Benzoate of soda also has been shown 
by Pederson (1936) to lower the temperature required for pasteuriza- 
tion of grape juice, but it is doubtful if it is sufficient to warrant 


its use. 

Determinations of total titratable acid as tartaric, sugar, protein, 
hydrogen ion concentration and specific gravity were made and a 
Brix reading taken at 17.5° C. (63.5° F.). 


RESULTS 
The rate of temperature increase in the juice as determined by 
potentiometric readings was much the same in all eases, requiring 
from 13 to 16 minutes to attain a temperature of 73.9° C. (165° F.) 
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(Fig. 1). Exceptions were the first Concord run in which a temper- 
ature of 73.9° C. (165° F.) was obtained in 11 minutes and in the 
first Ontario run in which 24 minutes were required to attain that 
temperature. In the juices pasteurized without stirring the rate of 
rise of the temperature as recorded by the three thermocouples was 
far from uniform. This was particularly noticeable in the Concord 
second-run where differences as great as 13.9° C, (25° F.) were noted 
in the juice near the surface, at the center, and at the side of the 
kettle (Fig. 2). At the end of this pasteurization a difference of 
10.0° C. (18° F.) was noted between two points. 
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Fie. 1. Average time-temperature curves obtained in the pasteurization of 
juices of several varieties of grapes. 

In contrast to this the juices which were continually stirred 
showed differences of not over 2.2° C. (4° F.) at any time during 
pasteurization (Fig. 3). Furthermore, in those juices which were not 
stirred, foam remained on the surface. It was found in previous 
work by Pederson (1936) that foam on the surface did not attain 
the temperature of the juice and therefore the organisms present in 
the foam were not killed. Foam was particularly noticeable on the 
surface of the Delaware juice during pasteurization. It had a heavy 
mat-like consistency which undoubtedly had marked insulating qual- 
ities. 

In general, microérganisms in grape juice began to be killed 
when temperatures from 40.6° C. (105° F.) to 48.9° C. (120° F.) 
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(Tables 1, 2, and 3) were obtained. The large majority of organisms 
present in all juices were killed before the juice had attained tem- 
peratures of 60 to 62.8° C. (140 to 145° F.). This was true even 
of the juice prepared from California Muscat which was considerably 
lower in acidity than the other varieties. 

During pasteurization of the juice, organisms which were capable 
of growing in grape juice were not obtained on plates poured after 
the following temperatures were attained: 57.9° C. (136° F.) and 
56.7° C. (134° F.) for Fredonia; 63.9° C. (147° F.) and 61.6° C. 
(143° F.) for Ontario; 67.8° C. (154° F.) for Niagara; 67.8° C. 
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Fig. 2. Time-temperature curves obtained in the pasteurization of juice pre- 
pared from Coneord grapes. The juice was not stirred during pasteurization. 


(154° F.) for Elvira; 66.7° C. (152° F.) for Coneord; and 67.8° C. 
(154° F.) for Catawba (Tables 1, 2, and 3). Spore-forming organisms 
persisted throughout the pasteurization of the California Muscat ; 
and although they would not grow in the juice, their colonies spread 
over the poured plates to such an extent that if other organisms were 
present, they did not have an opportunity to develop. It is thought, 
therefore, that the plate counts obtained in pasteurization of the 
California Museat do not represent a true condition after the temper- 
ature of 62.2° C. (144° F.) had been reached. 
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In the preparation of must for immediate fermentation it is 
unnecessary to kill all microdrganisms, but the numbers should be 
reduced sufficiently so that the pure-culture inoculum may predomi- 
nate and control the fermentation. For example, in pasteurization 
of Catawba must, although organisms were still present when 67.8° C. 
(154° F.) was attained (Table 3), sufficient reduction in numbers was 
obtained at 59.4° C. (139° F.) to insure satisfactory control of fer- 
mentation by a pure culture of yeast. This was even more noticeable 
in pasteurization in the Coneord (second-run) in which organisms 
persisted at 76.7° C. (170° F.), but sufficient reduction in numbers 
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Fic. 3. Time-temperature curves obtained in the pasteurization of juices pre- 
pared from Catawba grapes. 


was obtained at 55.5° C. (132° F.). At such reduced pasteurization 
temperatures the effect on the delicate flavors of the must is not 
sufficient to alter the characteristics of the resulting wine. On the 
other hand, if complete sterilization is employed, ‘‘cooked”’ or ‘‘off’’ 
flavors are likely to be imparted to the must. 

Pasteurization of Coneord and Catawba musts with the addition 
of 50 ppm. of sulphur dioxide resulted in a more rapid killing of 


mierodrganisms, beginning at approximately 37.8 to 43.3° C. (100 to 
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110° F.) and being fairly complete at 54.4° C. (130° F.) (Table 3). 
This is in agreement with previous studies by Pederson, Goresline, and 
Beavens (1935) on the pasteurization of wine and also with previous 
studies on the pasteurization of grape juice by Pederson (1936) in 
which benzoate of soda was used as the preservative. 

Little definite relationship could be noted between the decrease 
in number of living microérganisms during pasteurization and the 
chemical analyses of the juices, particularly those of total acidity and 
pH, with the exception of results secured with California Museat. In 
this juice microdrganisms persisted even after a temperature of 
76.7° ©. (170° F.) had been reached. This was undoubtedly due to 
the low titratable acidity and high pI], or possibly to an unusual 
infection in this particular case. 

In all pasteurization runs, except the Delaware and the seeond 
Concord, relatively few organisms survived 62.8° C. (145° F.) and in 
practically all cases these proved to be miscellaneous bacteria that 
would not grow in the juice. In the pasteurization of the Delaware 
must microdrganisms were found up to a temperature of 75.6° C. 
(168° F.) even though this must was one of the most acid (Table 2). 
This was undoubtedly due to the fact that microdrganisms in the 
foam were not killed. Differences in temperature in the pasteuriza- 
tion of the Delaware juice as noted from the potentiometric readings 
were not so marked as in the second Concord run, but unfortunately 
temperatures of the foams were not recorded. That the stirring of 
the juice affeets the rate of death of microérganisms is readily noted 
(Table 3) by comparing results obtained on the first and seeond Con- 
cord runs. With continuous stirring during pasteurization, all micro- 
érganisms were killed when 66.7° ©. (152° F.) was attained, while 
they persisted after 76.7° C. (170° F.) was attained in the juice 
pasteurized without stirring. 


SUMMARY 

Studies were made on the pasteurization of juices prepared by 
the cold-press method from many varicties of grapes. Temperatures 
attained in the juice were determined by means of thermocouples 
connected to an electro-potentiometric thermometer and the rate of 
killing of microérganisms was determined by platings of the juice 
during pasteurization at one-minute intervals. 

In samples of juice prepared from Fredonia, Ontario, Niagara, 
Elvira, Concord, and Catawba grapes the numbers of living micro- 
Organisms were markedly reduced when a temperature of 62.8° C. 
(145° F.) was attained, and all microérganisms were killed by heat- 
ine to 739° C. (165° F.). 




















THE PRESERVATION OF GRAPE JUICE 








Pasteurization temperatures from 54.4° ©. (130° F.) to 60° C. 
(140° F.) reduce the number of microérganisms present in grape must 
sufficiently so that a pure-culture inoculum of yeast will ordinarily 
control the fermentation. Pasteurization at such temperatures is 
unlikely to produce off-flavors in the must. 

The numbers of living organisms in juice prepared from Cali- 
fornia Muscat grapes were markedly reduced at 62.8° C. (145° F.), 
but spore-forming bacteria were still present after the juice was 
heated to 76.7° C. (170° F.). 

The addition of small quantities of sulphur dioxide lowered the 
temperature required for killing of organisms, but not sufficiently 
to recommend its use. 

Stirring of juice is essential to uniform heating. Foam on the 
surface of the juice serves as a good insulator protecting organisms 
present in the foam from heat effects. 
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A NOTE ON THE NITROGENOUS CONSTITUENTS OF DRIED 
APRICOTS DURING BROWNING 


CLIFFORD L. BEDFORD 
Division of Fruit Products, University of California, Berkeley, California 


(Received for publication, August 3, 1936) 


INTRODUCTION 

Dried apricots darken in storage and eventually become nearly 
black in color. However, the darkening does not oceur until the SO, 
content decreases below a critical value that is dependent on maturity, 
moisture content, composition, and previous treatment. 

Various hypotheses have been advanced to explain the darkening 
of certain food products. Browne (1929) indicated the possibility of 
amino acid-sugar reaction of the Maillard type (1912) in ‘‘foam fer- 
mentation’’ and blackening of molasses. Wilson and co-workers (1928) 
reported a decrease in amino nitrogen during browning of orange 
concentrate, which Nelson, Mottern, and Eddy (1933) and Joslyn and 
Marsh (1935) failed to confirm. 


” 


EXPERIMENTAL WORK 

In the present investigation determinations of various nitrogen 
fractions were made upon portions of a concentrated aqueous extract 
of apricots incubated for various periods of time and thus darkened 
in varying degrees. The methods used were those of the Committee 
on Analysis of Plant Physiologists (1925) and those of Muth and 
Malseh (1934). Sugars were determined by the method of Lathrop 
and Holmes (1931) as it was thought that these data also might indi- 
eate whether the Maillard type of reaction may be involved. 

The aqueous extract was incubated at 40° C. (104° F.) for three 
weeks and for three, four, and seven months. A fifth lot was stored 
at 0° C. (32° F.) as a control. 

Total nitrogen, ammonia N, total N in phosphotungstie acid pre- 
cipitate, total N not precipitated by phosphotungstie acid, amide N, 
and amino N before and after hydrolysis were determined. The 
results showed no appreciable changes in any of the nitrogenous con- 
stituents other than those within the limits of the accuracy of the 
methods (Table 1). There was no measurable change in sugar content. 


CONCLUSIONS 
From the data obtained in this experiment it appears safe to 
conclude that the changes in the N fraction of the water soluble 


The investigations reported here were carried out at the suggestion and under 
the general supervision of Dr. W. V. Cruess and Dr. M. A. Joslyn and the writer 
wishes to thank them as well as C. D. Fisher of the Dried Fruit Association for 
their cooperation and kind assistance. 
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material from apricots on darkening are slight and it is doubtful that 
they or the sugars are involved in the darkening. 

The brown pigment formed in the concentrated extract or in 
the dried fruit itself is water soluble. Most of it is readily precip- 
itated from concentrated aqueous solution, an addition of aleohol 
or acetone, in this respect resembling the brown pigment of darkened 
orange concentrate mentioned by Joslyn and Marsh. It is also pre- 


TABLE 1 
Nitrogen Fractionation, Method of Muth and Malsch (1934) 


(Milligrams per 25-gram sample) 





Amino N 





























| | 
Total N | Ammonia Total N unten Amide N Before After 
| N P.T.A. ppt ppt | hydro hydro- 
| H | lysis lysis 
2 a a | pd aioe 
Control a 59.80 | 6.50 7.56 21.00 | 4.76 | 6.96 10.70 
b 60.00 | 6.37 7.40 20.60 | 5.30 | 6.96 12.20 
e | 59.90 | 6.90 7.90 19.10 | 4.86 | 7.04 9.90 
d 59.80 | 99 7.90 17.50 | 4.46 | 5.90 9,90 
| | 
Darkened | | | 
3weeks a 57.73 6.80 5.80 22.20 | 5.10 | 7.00 | 11.20 
) 59.45 6.24 8.00 23.00 | 5.40 | 7.80 11.20 
‘ 57.91 8.00 6.60 17.10 | 4.94 6.74 8.80 
d 57.7 7.20 7.40 16.40 | 4.76 | 6.04 7.70 
| | 
Darkened 
3 months a 59.40 6.65 | 8.16 | 4.56 | 7.80 12.80 
b | 58.65 6.95 | 5.80 | 5.18 | 7.80 12.80 
¢ 59.45 7.50 7.00 3.42 | 7.04 11.00 
d 59.68 7.10 | 8.60 | 590 | 7.94 11.60 
| 
Darkened 
4 months a 57.60 6.47 | 7.96 22.40 4.16 | 6.72 8.40 
bh 58.00 735 6 6|lClCOGSS 25.20 4.90 | 7.52 10.60 
« | 57.96 7.20 | 7.40 20.20 | 440 | 7.24 11.00 
d 57.78 6.75 | 7.00 1.80 4.94 | 7.54 11.60 
| 
Darkened | 
7 months a 63.50 6.43 | 5.80 23.40 4.32 | 6.96 11.20 
b 64.90 7.90 5.80 21.00 4.02 | 6.60 10.00 
¢ 59.90 6.70 7.60 | 22.10 5.10 | 7.90 12.10 
7.90 | 21.80 |... 1 7.60 | cesseeee 


a | 60.00 7.50 | 


cipitated by lead acetate and is recoverable by deleading with H.S 
or diluted H.SO,, followed by precipitation with acetone. This pre- 
cipitate is insoluble in ethyl ether, petroleum ether, benzol, and ethy! 
acetate. It contains about one per cent of N. Joslyn and Marsh 
found the similar pigment from darkened orange concentrate to con- 
tain considerable N. Whether the N represents a combination of a 
nitrogenous compound and some other compound of the fruit or is 
merely adsorbed N, or some other form of uncombined N compound 
is yet to be determined. 
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EFFECT OF HOME CANNING AND STORAGE ON ASCORBIC 
ACID CONTENT OF TOMATOES 


ESTHER PETERSON DANIEL anp MARJORIE B. RUTHERFORD 


Nutrition Studies Section, Bureau of Home Economics, 
United States Department of Agriculture, 
Washington, D. C. 


(Received for publication, August 24, 1936) 


INTRODUCTION 

Conflicting reports have been published on the stability of ascorbic 
acid during the canning and subsequent storage of tomatoes. Delf 
(1924) found that whole canned tomatoes one to two months old had 
lost three-fourths of their vitamin C. After storage for three and 
three-quarters to four years, only one-fifth of the original vitamin C 
remained. Clow and Marlatt (1930) reported that tomatoes canned 
by the cold-pack method contained the same amount of vitamin C as 
the fresh raw fruit. When canned by the water-bath method a slight 
amount of vitamin C was lost. These workers detected no loss in the 
antiscorbutie potency after nine months’ storage, although they did 
deteet some loss after 15 to 20 months. Kohman, Eddy, and Gurin 
(1933) found that commercially canned whole tomatoes or juice 
contained the same quantity of vitamin C as the fresh raw fruit. All 
of these experiments were conducted by the biological method which 
in this laboratory has not been found sensitive to differences easily 
detected by the chemical test for ascorbic acid. 

Because tomatoes, canned as well as fresh, are being so widely 
recommended for their antiscorbutiec properties, it seemed advisable to 
determine more exactly the effect of home-canning and storage meth- 
ods upon the ascorbic-acid content of this fruit. The purpose of this 
study was to determine the ascorbic-acid content of fresh tomatoes, 
of tomatoes from the same lot 24 hours after canning according to 
home methods recommended by this bureau, and of samples from the 
same lot six months after canning and storage under different con- 
ditions. 

CANNING METHODS 


Freshly picked, ripe Stone tomatoes grown in nearby Maryland 
were obtained from the same patch on five consecutive days, Septem- 
ber 23 to 28, 1935. A long rainy period just before this time produced 
fruit considerably inferior in quality to that which had been available 
a month earlier. What effect this additional moisture had upon the 
ascorbic-acid content is not known. However, for the purpose of this 
study, relative values of the various samples were more important 





341 

















342 ESTHER DANIEL AND MARJORIE RUTHERFORD 


than absolute values, and no attempt was made to determine the 
trend of the ascorbic acid during the course of the season. After 
sampling the fresh tomatoes, the remainder of the day’s supply was 
eanned by Ellen Kingsley, under the supervision of Florence B. King 
of the Food Utilization Section of this bureau. Juice, as well as the 
whole fruit, was canned in both clear glass jars and tin eans. 

After selecting only red ripe, firm, tomatoes, free from decayed or 
green portions, the washed fruit was placed in wire baskets and im- 
mersed in boiling water to crack and loosen the skins (30 to 60 see- 
onds). The tomatoes were then chilled in cold water, peeled and cored. 

No. 2 eans were used for those canned in tin. A weighed amount of 
salt (slightly more than one-half teaspoon) was placed in the bottom 
of each can and the whole tomatoes were packed in snugly. The same 
weight of tomatoes, within 10 grams, was used in each can. The juice 
was heated just to boiling and a measured quantity poured over the 
tomatoes in the cans, which were then exhausted by placing in boiling 
water to within 114 to 2 inches of the top. When the temperature at 
the center of the cans reached approximately 65° C. (150° F.) they 
were sealed, allowing “%¢ to % % inch head space, and processed 35 
minutes in a boiling water bath. The packed containers were then 
cooled in running water to a temperature of 37.8 to 40.6° C. (100 to 
105° F.) and allowed to air cool to room temperature. 

Glass-top, wire-bail pint Jars were used for the tomatoes canned 
in glass. After placing 1% teaspoon of salt in the container the toma- 
toes were snugly packed in the jars, and a measured quantity of 
boiling juice poured over them, allowing about one inch head space. 
The rubbers and eaps were then adjusted and the filled jars processed 
for 45 minutes in boiling water. They were then allowed to cool in 
the air away from drafts. 

For the tomato juice, washed, cored tomatoes were cut into small 
pieces, precooked to 82.2° C. (180° F.), and put immediately through 
a fine sieve. The juice was at once reheated to 82.2° C. (180° F.), 
poured into eans within approximately 14 inch of the top, sealed, and 
processed for five minutes in boiling water. These filled containers 
were then cooled in running water. One teaspoon of salt per quart 
was added to the sieved juice which was to be sealed in glass. The 
juice, as soon after sieving as possible, was heated to &87.8° C. (190° 
F.), poured into sterilized jars to within 14 inch of the top, sealed, 
and cooled in air. 

Twenty-four hours after canning, samples from two jars and two 
cans of each of the five lots were tested for ascorbie acid. The remain- 
ing canned fruit, ten containers of each, was stored on laboratory 
shelves facing a west window receiving afternoon sunlight. Half of 
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the glass jars were wrapped in photographie black paper in order to 
keep out the light; the others were so arranged on the shelves that 
the unwrapped jars of tomato and juice occupied the front position 
where they could receive a maximum of the light entering the lab- 
oratory. Six months later, April 20 to 29, 1936, these stored samples 
from each lot were tested for ascorbie acid. 


EXPERIMENTAL PROCEDURE 

The fresh tomato samples were prepared by grinding eight to a 
dozen representative fruits in a meat grinder and then putting the 
ground mixture through a wire strainer containing 18 holes to the 
inch. The eanned whole tomatoes were put directly through the 
strainer. In each ease only skin and seeds remained. The juice 
samples after thorough mixing were taken directly from their con- 
tainers. 

Ten grams of the sample to be tested was weighed directly into a 
centrifuge tube and 25 ¢.c. of hot eight-per cent acetic acid added. 
This mixture was centrifuged for five minutes, the supernatant liquid 
decanted, 10 ¢.c. more of hot acid added, the sides of the tube washed 
with glass-distilled water, and the whole again centrifuged for three 
minutes and decanted. This process was again repeated with a cen- 
trifuge time of two minutes and the combined extractions made up to 
a volume of 100 ¢.c. Ten ¢.c. of this solution, equivalent now to one 
gram of tomato juice, was titrated with 2-6 dichlorophenolindophenol. 

The determination of ascorbic acid was carried out essentially 
according to the modified method of Tillmans used by Bessey and King 
(1933). The 2-6 dichlorophenolindophenol used in this method was 
prepared as outlined by Bessey and King. Helpful advice concerning 
the details of the preparation was generously given by H. H. Mottern, 
Bureau of Chemistry and Soils. During this preparation it is neces- 
sary to hold the mixture at a low temperature, and because of the 
creat heat of reaction involved, it is inadvisable to attempt the hand- 
ling of amounts larger than those suggested by Bessey and King. 
Several of these smaller lots may be combined for purification (extrac- 
tion with ether in a soxhlet). From time to time the dye was re- 
purified in order to remove impurities which tended to mask the end 
point. An approximate .02-per cent solution of 2-6 dichlorophenol- 
indophenol was made up daily, filtered, and standardized against a 
freshly prepared .02-per cent solution of commercial crystalline as- 
corbie acid. This in turn was standardized against the International 
Standard. The ascorbic acid solutions were used immediately after 
preparation because they gradually lose their titration value upon 
standing. In the case of both dye and ascorbic acid solutions, glass 
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distilled water which had been recently boiled to drive off the carbon 
dioxide was used. 

Two samples from every container of fruit were tested and three 
titrations were made on each sample, thereby making a total of six 
titrations for each container. The ascorbic acid was caleulated in 
terms of milligrams per gram of juice canned as such or extracted 
from the fresh or canned whole tomatoes. 


DISCUSSION AND RESULTS 

The average ascorbic acid content of each sample tested in these 
experiments is given (Table 1). Duplicate analyses usually agreed 
within .001 or .002 mg. of ascorbic acid per gram. The fresh tomatoes 
were found to contain an average of .20 mg. of ascorbic acid per gram 
of extracted juice. This compares favorably with .18 mg., which was 
found by Daniel, Kennedy, and Munsell (1936) earlier in the summer 
as an average of a number of random samples purchased on the Wash- 
ington retail market. It is also well in line with the results summarized 
by Daniel and Munsell (in press) of a number of experiments from 
other laboratories which have reported extreme values of .15 to .36 
mg. with the majority of values falling around approximately .2 mg. 
per gram of tomato juice. 

There was considerable variation, ranging from .17 to .22 mg. per 
gram of juice, in the different lots of fresh tomatoes. An even greater 
variation occurred in the samples of the canned product prepared 
from the different lots. Undoubtedly a large part of such variation 
may be accounted for by the unavoidable technic used in household 
procedures of canning even under the extraordinary precautions taken 
in this study. From the averages, it will be noticed that canning and 
storage each has a destructive effect upon the ascorbic-acid content of 
tomatoes. 

A summary of the findings caleulated in terms of percentage losses 
of ascorbic acid due to canning and storage shows that canning caused 
the same loss in the whole tomatoes as in the juice (Table 2). Both 
the whole tomatoes and juice canned in glass lost approximately 21 
per cent; that in tin about 12 per cent of its original ascorbic acid. 
Fully as great a loss was due to the six months’ storage period as to 
the canning procedure itself. Storage in glass resulted in a greater 
loss of ascorbie acid in the juice than in the whole fruit, 24 and 10 
per cent respectively. There was no significant difference in the stored 
tinned samples which showed 13 per cent loss for the whole fruit and 
10 per cent loss for the juice. 

Canned tomato juice stored in unwrapped glass appeared to retain 
less of its original aseorbie acid than that which was stored in tin 
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containers. The former lost approximately 24 per cent of its original 
ascorbic acid during storage while the tinned samples lost only about 
10 per cent. The canned whole fruit, whether stored in unwrapped 
glass containers or tin cans, lost about the same amount of ascorbic 
acid, 10 and 13 per cent respectively. In the case of the wrapped 
samples of both the juice and the whole fruit there appears to have 
been a greater destruction of ascorbie acid than in the samples exposed 
to sunlight. 


The juice stored in wrapped jars lost 34 per cent of its ascorbic 
acid in contrast to a 23 per cent loss found in the whole fruit stored 
in the wrapped glass containers. Beeause of a report by Booth and 
Kon (1934) indicating the detrimental effects of light upon ascorbie 
acid, this observation was contrary to expectation. Only two explana- 


TABLE 2 


Loss of Ascorbic Acid in Home-Canned Tomatoes and Tomato Juice 








Tomato juice Tomato 
in glass jars juice 
in 
Unwrapped| Wrapped | tin cans 


| Whole tomatoes Whole 
in glass jars tomatoes 











in 
Unwrapped] Wrapped| tin cans 


Percentage loss due to 
eanning process........... 2] 21 12 | 21 | 21 11 











Percentage loss due to | 
storage for 6 months. 











Percentage total loss...... 











Either a greater destruction of ascorbic 
acid actually took place in the wrapped jars of fruit or, owing to 
light action, some substance was formed in the canned product in the 
unwrapped containers capable of reducing the dye and in consequence 
giving too high values which were not true measures of ascorbie acid. 
The suggestion is made that heat, rather than light, may have been 
the controlling factor. Whether or not the absorption of heat due to 
the black paper wrapping was sufficient over a period of six months 
to account for the difference in acid content needs further study. 


tions present themselves. 


The total loss of ascorbic acid due to both canning and storage 
for six months was least and approximately the same for both whole 
tomatoes and juice in tin containers, 25 and 21 per cent respectively. 
In the glass containers the loss was more extensive in the juice (45 
per cent unwrapped to 55 per cent wrapped) than in the whole fruit 
(31 per cent unwrapped, 44 per cent wrapped) and considerably more 
in the wrapped than in the unwrapped jars. 
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From this study it would seem that from one-fourth to one-half of 
the ascorbic acid content of home-canned tomatoes stored at ordinary 
room temperature may be lost before they are consumed. 


SUMMARY 


A study was made to determine the effect of home-canning methods 
and storage for six months upon the ascorbie acid originally present 
in fresh tomatoes. The results of the experiment show that: 

1. Both canning and storage have a significant destructive effect 
upon ascorbic acid. 

2. Both factors cause approximately the same percentage loss of 
ascorbic acid in whole tomatoes and juice canned in tin. 

3. Canning and storage each destroys a greater percentage of 
asecorbie acid in the juice than in the whole tomatoes in glass con- 
tainers. 

4. Tomatoes and juice in containers wrapped in black photo- 
graphic paper lose more ascorbic acid during the storage period than 
those stored in the unwrapped glass Jars. 

5. The average total losses of ascorbic acid due to both canning 
and storage under different conditions ranged from 21 to 55 per cent 
of the original .20 mg. of ascorbic acid found per gram of juice 
extracted from the fresh tomato samples. 
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INTRODUCTION 


Although the nutritional significance of the flavins for man is far 
from completely understood, it seems probable that they are essential 
to the nutrition of man as well as to that of other mammals. The 
presence of a flavin in milk and the wide distribution of flavins in 
liver, kidney, and other vital organs are probably more than acci- 
dental. 

Rats deprived of flavin fail to grow, develop alopecia, and, under 
certain conditions at least, exhibit cataract, as shown by Day and 
Langston (1934). In recent experiments Day, Darby, and Langston 
(1936) found that lactoflavin, either natural or synthetic, will pre- 
vent such cataract in rats. Since cataract may be produced in rats 
at will by flavin deprivation and can be prevented by flavin feeding, 
we believe that it is appropriate to refer to flavin as the ecataract- 
preventive factor. Evidence available at the present time indicates 
that flavin is neither the pellagra-preventive factor |Dann (1936) |, 
nor the rat dermatitis-preventive vitamin [Chick, et al., (1935) ; 
Harris (1935); Bender, et al., (1936); Dann (1936); and Copping 
(1936) }. 

It is not known whether any cases of human cataract are the result 
of flavin deficiency. Extensive clinical research will be necessary to 
establish the value of flavin in the arrest of human cataract, and the 
problem will be beset with many difficulties. In the meantime, how- 
ever, knowledge of the distribution of flavin in common food mate- 
rials should be of more than theoretical interest. 

Aykroyd and Roscoe (1929) reported the presence of vitamin B, 
in Cheddar cheese. Using rats as experimental animals, we have 
assayed three kinds of cheese for flavin, using two eriteria for the 
presence of the vitamin: (1) growth, and (2) prevention of cataract. 


EXPERIMENTAL METHOD 

The method of biological assay for vitamin G (flavin) used in this 

laboratory has been described in detail by Day and Langston (1934) 
and Day and Darby (1936). Briefly, it is as follows: 


*Research Paper No. 504, Journal Series, University of Arkansas. 
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Young albino rats from litters of eight to 12 rats each are given a 
flavin-deficient diet when they are 21 days of age, at which time they 
weigh between 30 and 45 grams. The diet is composed of the follow- 
ing: casein, used by Day and Darby (1936), 18 per cent; salt mixture, 
used by Osborne and Mendel (1919), four per cent; cod liver oil,’ two 
per cent; butter fat, eight per cent; and cornstarch, which carries an 
extract of rice polish prepared with 80 per cent aleohol, as used by 
Day and Langston (1934), 68 per cent. The animals are given the 
deficient diet only for a period of two weeks; they are then given 
predetermined quantities, accurately weighed, of the materials to be 
assayed for the vitamin, six times weekly. Weekly weight, food con- 
sumption, and ophthalmoscopie records are kept. At least one rat 
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Fic. 1. Mean weight curves of rats receiving supplements of American cheese 
(fed six times weekly) as the sole source of flavin (vitamin G). The number on 
each curve indicates the number of rats in that group. Asterisks mark the appear- 
ance of cataract in individual rats. 


from each litter is used as a negative control, receiving no addendum 
to the deficient diet. The feeding of the addenda is continued for 
eight weeks. 

Using this procedure, American, Swiss, and cream cheese have 
been assayed for flavin (vitamin G). The cheese to be used was pur- 
chased at frequent intervals from local markets. In the cases of the 
American and the Swiss cheese no attempt was made to limit the 


*The E. L. Patch Company, Boston, supplied the cod liver oil used in this study. 
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purchases to any single brand or the product of any one manufae- 
turer. The purchases of cream cheese were limited to a single brand. 
Each of the three kinds of cheese was fed at three levels, and groups 
of seven to nine rats were used at each level of feeding. 


RESULTS AND DISCUSSION 
Mean growth curves of groups of rats that received graded sup- 
plements of American, Swiss, and cream cheese are shown (Figs. 1 to 
3) for the time during the feeding of cheese supplements only; the 
preéxperimental period of two weeks, during which the rats received 
the deficient diet only, is not shown. Numbers in parentheses on the 
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Fig. 2. Mean weight curves of rats receiving supplements of Swiss cheese (fed 
six times weekly) as the sole source of flavin (vitamin G). Asterisks mark the 
appearance of cataract in individual rats. 


curves indicate the number of animals used in each case, and 
asterisks mark the time of appearance of cataract in individual rats. 
Photographs of typical experimental animals (Fig. 4) exhibit in a 
striking manner the difference between the appearance of deficient 
animals and those that received a limited amount of flavin in the 
cheese supplement. 


The data are further presented in a somewhat different manner, 
the number of rats, number of rats exhibiting cataract and percentage 
of cataract, and mean gain in eight weeks for each group of rats being 
given in tabular form (Table 1). The table also shows the number of 
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‘‘units’’ of vitamin G in each cheese, computed from growth data. 
The unit used is the one proposed by Bourquin and Sherman (1931), 
i.e., the amount of vitamin which, when fed daily, will induce a mean 
growth of three grams weekly in standard test animals previously 
depleted of the vitamin. We have taken the ‘‘daily’’ vitamin supple- 
ment to mean that amount fed six times weekly. Although the con- 
notation : 


“é 


vitamin G’’ does not mean the same to all writers. it is 
apparent that flavin is identical with vitamin G in the usage of 
Bourquin and Sherman [Bisbey and Sherman (1935) ]. Also, since 
pure flavin as a supplement to our deficient diet will promote excel- 
lent growth, it is evident that our growth method measures flavin. 
However, until the growth-promoting property of pure flavin has 
been quantitatively established with our diet and experimental method, 
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Fig. 3. Mean weight curves of rats receiving supplements of cream cheese (fed 
six times weekly) as the sole source of flavin (vitamin G). Asterisks mark the time 
of appearance of cataract in individual rats. 


it is probably desirable to express the flavin content of foods tested 
in terms of the Bourquin-Sherman unit. From the data given in this 
report, American cheese was found to contain 2 units per gram, Swiss 
cheese 1.5 units per gram, and cream cheese .36 unit per gram of 
the fresh material as purchased. 


Preliminary data which have been obtained in this laboratory, 
using the experimental method employed in the present work, indi- 
cate that four micrograms of pure lactoflavin are approximately 
equivalent to one Bourquin-Sherman unit of flavin or vitamin G. 
Using this tentative figure as a basis for our caleulations, American 
cheese was found to contain 8 micrograms, Swiss cheese 6 micro- 
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grams, and cream cheese 1.4 micrograms of lactoflavin per gram of 
fresh material. 

The incidence of cataract as given in the table shows that between 
83 and 100 per cent of the groups of controls exhibited cataract. 
Groups of animals receiving small cheese supplements, and therefore 
making only slight gains in weight, also exhibited high percentages 
of cataract. In general, with increasing growth there was a decrease 
in the ineidence of cataract. This is in agreement with the results 


Fic. 4. Above—Control animal which received the flavin-deficient diet only. 
Roughness of hair and cataract are readily evident. 

Below—Rat which received .8 gram American cheese six times weekly. There 
was no evidence of cataract. The animals were photographed on the same day and 
at the same distance from the camera. 


published elsewhere on a larger number of animals by Day and Darby 


(1936). It is thus apparent that in these assays we were dealing not 


‘é ‘ 


only with a ‘‘growth-promoting,’’ but also with a ‘‘cataract-preven- 


tive’’ substance. 





P. L. DAY AND W. J. DARBY 


SUMMARY 
Using a biological method, three kinds of cheese were assayed for 
flavin (vitamin G). Expressed in Bourquin-Sherman units, the con- 
tents of flavin were as follows: American cheese, 2 units per gram; 
Swiss cheese, 1.5 units per gram; cream cheese, .36 unit per gram. 
Preliminary data indicate that four micrograms of lactoflavin are 


TABLE 1 
Incidence of Cataract and Growth Response in Groups of Rats Given Graded 
Amounts of Cheese as the Sole Source of Flavin in the Diet. 








a Cataract Mean 
Supplement fed? | Number gain in Flavin 
of rats | Number | Incidence | 8 weeks 
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‘The supplements were fed six times weekly. 

The unit here employed is the amount of vitamin G (flavin) required to promote an 
average weekly gain in weight of three grams. This unit, by definition, is the same as 
that proposed by Bourquin and Sherman (1931). 


approximately equivalent to one Bourquin-Sherman unit of vitamin 
G. Using this tentative figure as a basis for calculations, the Ameri- 
can cheese contained 8 micrograms lactoflavin per gram, the Swiss 
cheese contained 6, and the cream cheese contained 1.4. 

Between 83 and 100 per cent of the rats in the groups receiving 
the unsupplemented flavin-deficient diet developed cataract. Groups 
of rats receiving small supplements of cheese, and therefore only small 
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amounts of flavin, likewise exhibited high incidences of cataract. The 
feeding of larger amounts of cheese resulted in greater growth and 
effected a marked reduction in the incidence of cataract. 
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INTRODUCTION 


The value of any vegetable as a food product depends primarily 
upon its composition and palatability. Both are generally greatly 
influenced by the stage of maturity at which the material is prepared 
for use. In the laboratories of the United States Department of Agri- 
culture studies have been carried on for a number of years on the 
problems of maturity of fruits and vegetables. Much work has also 
been done along this line by various experiment station workers as 
well as by others throughout the country. Many analyses of the snap 
bean have been made by various investigators and these are sum- 
marized by Chatfield and Adams (1931). They state that the snap 
bean contains on the average: water 88.9 per cent, protein 2.4 per cent, 
fat .2 per cent, starch 2.2 per cent, sugar .37 per cent, and that the 
fuel value is 42.2 calories per 100 grams. Cruess (1924) gives an 
account of the commercial methods employed in canning the material 
and Maleolm (1930) describes methods of canning it in the home. It 
seems unnecessary to review all the work on composition and uses of 
the snap bean; however, the work of Colin and Frankert (1928) may 
be mentioned. These workers determined sugar and starch in the pod 
and seed of beans at three or four stages of maturity. Parker and 
Stuart (1935) have made a rather thorough study of the changes in 
composition after harvest. No very thorough study of the composition 
of the green beans at different stages of maturity where the exact age 
of the beans was recorded seems to have been made. 

This work was meant to be the initial step in a thorough study of 
the composition of a large number of varieties of snap beans in rela- 
tion to the technical procedures in canning, drying, and preservation 
of the product by freezing. The results of the chemical studies and the 
canning tests will be presented in this report while the studies on the 
preservation by freezing done by other workers in the laboratory will 
be presented in a separate report. The purpose of this work has been 
to show the composition and palatability of the different parts of the 
snap bean at various stages of maturity. 


357 





Cc. W. CULPEPPER 


METHODS EMPLOYED 


Varieties and Culture: The chemical studies were limited to work 
on one variety, Burpee Stringless Green Pod; while in the canning 
tests two varieties were used, Burpee Stringless Green Pod and 
Refugee Wax. The Stringless Green Pod variety is an early bean with 
brown seeds and a green pod that is without the bundles of fibers 
along the sutures commonly ealled the ‘‘strings.’’ The Refugee Wax 
variety is a bean with yellow pods and brown seeds, and matures just 


a little later than the other variety. 

These varieties were planted July 23, 1928, in moderately fertile 
loam from which a crop of garden peas had just been harvested. The 
soil was judged to be well supplied with nitrogen and no fertilizer was 
added. The seed germinated promptly and growth of the plants was 
moderately vigorous. The crop was kept free of weeds by frequent 
cultivation. The growth of the plants and the production of beans 
appeared to be about what would be expected for average conditions. 
It may be noted that the early growth and development of the plants 
occurred in the warmest part of the summer months, while the period 
of development of the beans was considerably past the midsummer 
high temperatures. A somewhat more detailed discussion of the 
weather conditions will be given later. 

Methods of Recording Age: The plants began to flower the latter 
part of August and a large number of freshly opened flowers were 
tagged on each of several days between August 26 and September 3. 
With flowers thus tagged it was possible to take samples at definite 
stages of maturity and at regular intervals. Samples for chemical 
analysis were taken at 5- or 10-day intervals from flowering until the 
beans were almost completely mature. 

Time did not permit the tagging of enough flowers to supply mate- 
rial for the canning and cooking tests. The material for the canning 
and cooking tests was selected by taking a representative sample of 
tagged beans of the desired age as a standard and picking beans 
throughout the planting to match the standard in size and appearance. 
The samples for the canning and cooking tests were taken on the same 
day that the standard was taken so that it is believed that the estimate 
of age of the beans was fairly accurate. 

Canning Methods: The canning tests were made at intervals when 
the beans were 10, 15, 20, 25, and 30 days of age from date of flower- 
ing. The beans were picked at 9 to 10 o’cloeck a. m., brought into the 
laboratory, the tips removed, and the beans then broken into pieces 
three-fourths to one inch in length. They were then washed, blanched 
four minutes in boiling water, filled into No. 2 plain tin cans, and 
enough two-per cent brine added to fill the interspaces, as is generally 
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done in commercial practice. The cans were exhausted in flowing 


steam for two minutes, sealed, and sterilized by heating in a retort 
under 10 pounds steam pressure for 30 minutes, followed by imme- 


diate cooling in water. 

Cooking Methods: In order to better understand the behavior of 
the maturing bean it was thought advantageous to study the hulls, 
or pericarp, and seeds separately. Time did not permit the collecting 
and separating of sufficient material for canning tests of seeds and 
hulls separately. Sinee cooking tests could be made with a much 
smaller quantity of material, it was decided to make them on seeds 
and hulls separately instead of using the canning tests. While these 
tests would not be directly comparable to the canning tests, they would 
supplement them and make the study more complete. A more com- 
plete series could be tested in this way than would have been possible 
with the canned material. The Stringless Green Pod variety was used 
for the tests, which were made by taking the prepared material, adding 
enough two-per cent brine to just cover it, and heating it in a small 
boiler at 100° C. (212° F.) for 40 minutes. Tests were carried out in 
this way using whole beans as well as hulls and seeds taken separately. 
Tests were made at intervals of two to five days, beginning at the 
five-day stage for the whole beans and beginning at the 15-day stage 
for hulls and seeds taken separately. 

Pressure Tests: It was thought that one of the most important 
changes occurring during the period of growth and maturity would 
be changes in the texture and firmness of the material. Consequently 
the resistance to pressure of the pods was determined by use of the 
pressure tester described by Culpepper and Magoon (1924), using a 
blunt-pointed needle .052 inch in diameter. The tests were made along 
the sides of the bean midway between the dorsal and the ventral 
sutures. 


Chemical Methods: The samples for the chemical tests were picked 
at 9 to 10 o’clock a. m., and at once brought into the laboratory where 
measurements of the length and diameter of the pods as well as of 
length and diameter of the seeds were made. The portion for the 
samples of the entire snap bean was cut into small sections, duplicate 
100-gram portions were weighed out, and enough 95-per cent alcohol 
was added to make the final concentration 75 to 80 per cent alcohol. 
The samples with the added aleohol were heated to boiling and the 
containers then sealed. In another lot of material the hulls and seeds 
were separated and weighed so that the proportion of hulls to seeds 
at the various ages was known, and samples of the separated hulls 
and seeds were preserved in alcohol in the same way as the whole 
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beans. In the younger stages the seed made up an insignificant por- 
tion of the bean and hence the beans were 15 days old before a 
separation of seed and hull was attempted. Even in the 15-day sam- 
ples the seed made up a very small portion of the whole bean. 


In addition to the alcohol preserved material, a sample at each 
stage of maturity was taken and dried immediately in an open-air 
oven at 60 to 70° C. (140 to 158° F.). This material served for total 
nitrogen determinations. 

The samples preserved in alcohol were extracted by decanting the 
aleohol and filtering it through a weighed extraction thimble, grind- 
ing the undissolved material, and adding more aleohol, which was 
again decanted and filtered through the extraction thimble. The 
ground material was then transferred to the extraction thimble, placed 
in a Soxhlet apparatus, and extracted with a fresh portion of 95-per 
cent aleohol for approximately eight hours. The extraction thimble 
containing the residue was dried and weighed and the weight of the 
residue so obtained was recorded as the insoluble fraction. The ex- 
tracts were combined and made up to volume; and aliquot portions 
were taken for soluble solids, sugars, acids, tannins, and nitrate nitro- 
gen. 

The soluble solids were determined by drying an aliquot of the 
aleoholic extract on a water bath until the aleohol was removed and 
then completing the drying in a vacuum oven with 28 inches mereury 
vacuum at a temperature of 75° C. (167° F.), after which it was 
weighed. 

After the aleohol was driven off, the insoluble residue was dried 
in a vacuum oven at 75° C. (167° F.) and weighed. 

The sugars were determined by the volumetric permanganate 
method as recommended by the Association of Official Agricultural 
Chemists (1920). 

The acids were determined by titration with tenth-normal sodium 
hydroxide, using phenolphthalein as indicator, and were calculated 
as citrie acid. 

The tannins were determined by the Procter-Loewenthal method 
as recommended in the Methods of the Association of Official Agrieul- 
tural Chemists. 

The total nitrogen was determined by the salicylic-thiosulphate 
method as modified by Ranker (1927). 

The nitrate nitrogen was determined by the ferrous chloride 
method as modified for meats and given in the Methods of the Asso- 
ciation of Official Agricultural Chemists. 
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RESULTS OF CHEMICAL TESTS 

The part of the plant here analyzed was the fruit or pod, which 
consists of a pericarp of two valves, here termed the hull, and the 
seeds. Results of the chemical tests show that the changes in the com- 
position of the entire snap bean are resultants of the changes going 
on in the two parts of the bean, namely the hull and the seed (Table 
1). It is obvious from the measurements here made that the major 
part of the growth of these different parts does not occur at the same 
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lig. 1. Total solids content of the snap bean at different stages of maturity 


from date of flowering. 


time. It is noted that the pod or whole bean attains its full length 
between the 10- and 15-day stages of maturity. The diameter of the 
pod reaches its maximum betweeen the 25- and 30-day stages of ma- 
turity. At the 15-day stage the seed made up only four per cent of 
the total weight of the pod, and it is obvious that previous to that 
time it makes up a very insignificant portion of the pod. From the 
15-day stage onward the seed grew rapidly, making up an increased 
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proportion of the entire bean, so that at the 40-day stage it consti- 
tuted 53.8 per cent of the total weight of the pod. The seed at the 
10-day stage averaged .25 em. in length while at the 30-day stage it 
was 1.58 em. in length. The importance of these growth changes in 
the two parts are obvious when their differences in composition are 
noted. 

Solids: The changes in the pereentage of the total solids in the 
entire snap bean, the hull, and the seed are shown graphically (Fig. 
1). In the entire bean the total solids decrease somewhat from the 5- 
to the 10-day stage, then increase slowly to the 20-day stage. How- 
ever, the differences up to the 20-day stage are not very great and 
may not be significant and, at least from a practical standpoint, are 
not very important. At the 20-day stage a rapid increase sets in that 
continues to the 40-day stage. The entire snap bean up to the 15-day 
stage may be considered as hull or pericarp, since up to this time 
the seeds make up an insignificant portion. It is noted that the hull 
is low in total solids as compared with the seed. The total solids 
increased tremendously in the seed from the 15-day stage onward, 
while in the hull the increase was comparatively small. 

In the hull the soluble solids decrease somewhat from the 15-day 
stage onward, while the insoluble solids increase considerably (Table 
1). This would indicate that the inerease in total solids of the hull 
is due largely to the accumulation of fiber. The soluble solids in the 
seed decrease from the 15-day stage onward while the insoluble frac- 
tion inereases tremendously. The insoluble solids always make up a 
greater portion of the total than the soluble solids and in the old 
samples the soluble portion constitutes a very minor part. It is evi- 
dent that the rapid rise in total solids in the entire bean beginning 
at the 15-day stage is due largely to growth of the seed and to the 
changes oceurring in its composition. Much of the substance of the 
hull is obviously transferred to the seed in the final stages of develop- 
ment. 

Sugars: The changes in sugar content of the entire bean, the 
hull, and the seed at different stages of maturity are illustrated (Fig. 
2). The entire snap bean and the hull had a rather low sugar content 
at all stages of maturity. Even in the seed there was no stage at which 


the sugar content was as much as four per cent. The percentage of 


sugar was highest in the young seeds but they here made up such a 
small per cent of the entire bean that their sugar content did not influ- 
ence greatly the percentage in the entire bean. The sugar content of 
the entire bean does not vary greatly over the period of its develop- 
ment up to the 25-day stage of maturity. There is a tendency for the 
total sugar to increase slightly from the 5- to the 20-day stage of 
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maturity, after which it declines continuously. In the hull the sugar 
declines continuously from the 15-day stage onward.. The sugar con- 
tent in the seed declines rapidly from the 20-day stage onward. In the 
hull the sugar is very largely reducing sugar, while in the seed it is 
almost entirely non-reducing sugar or sucrose. 

Titratable Acidity: In making the titratable acidity determi- 
nations there was considerable difficulty in determining the correct end 
point owing to the presence of coloring materials and other interfering 
substances. Therefore, the results may perhaps be open to some ques- 
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Fig. 2. Total sugar content of the snap bean at different stages of maturity 
from date of flowering. 


tion. In general, the entire bean appears to be medium to low in acid 
and changes during development are not very marked, but acidity 
appears to be slightly lower at the 15-day and 40-day stages than at 
other times. The acidity of the hull does not change very materially 
over the entire period of development. It is very slightly lower at the 
15- and 40-day stages of maturity. It is surprising that the titratable 
acidity of the seed was higher than that of the hull. This may be due 
in part to an ineorrect end point in the titration, for interfering sub- 
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stances were obviously present. However, there appeared to be a 
significant decrease in acidity of the seed from the 15-day stage on- 
ward. It is very clear that changes in the acidity during the growth 
and development of the snap bean are too small to greatly affect the 
quality of the product or the methods employed in preserving it in 
different ways. 

Total Astringency: The changes occurring in the tannin-like sub- 
stances of the entire snap bean, the hull, and the seed are shown (Fig. 
3). The tannins are lowest in the hull and highest in the seed. This 
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Fig. 3. Total astringency of the snap bean at different stages of maturity 


from date of flowering. 


appears to be due primarily to the very high tannin content of the 
seed coat. In the whole bean (seed plus hull) the percentage of tannin 
decreased from the 5- to the 15-day stage, then increased to the 30- 
day stage, and again decreased to the 40-day stage. It shouid be noted 
that up to the 15-day stage the seed make up a very insignificant por- 
tion of the entire snap bean, and up to this time the young bean, 
therefore, can be considered as hull or pericarp. There was no very 
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material change in the per cent of tannin in the hull or pericarp from 
the 15-day stage onward. There was a decrease in the percentage of 
tannin in the seed throughout its entire period of development, and 
a very marked decrease from the 25-day stage onward. This was prob- 
ably due largely to the decrease in the proportion of seed coat to 
embryo in the seed of the older samples. There may be some question 
as to just how significant these data are, but, as will be pointed out 
later, this group of tannin-like substances may have a very important 
influence upon the appearance and quality of the snap bean as a food 
produet. 
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Fic. 4. Total nitrogen content of snap beans at different stages of maturity. 


Total Nitrogen: The total nitrogen is important because it is a 
measure of the protein present, which is an important nutritive mate- 
rial. The per cent of total nitrogen at different stages of maturity in 
the hull, the seed, and the entire snap bean is shown (Table 1 and Fig. 
4). The total nitrogen in the entire snap bean was somewhat higher 
at the 5- than at the 10- and 15-day stages of maturity. From the 15- 
day stage onward there was a pronounced increase in the percentage 
of total nitrogen, reaching .911 per cent in the material 40 days of age. 
This is a result of the differing growth rates of the hull and the seed 
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and of their differences in composition at the different stages of 
growth. It is noted that the hull is always low in total nitrogen and 
that it decreases slowly from 25 days onward, while the seed has a 
high percentage of nitrogen and its percentage increases as the seed 
develops. At the 15-day stage there is .769 per cent, while at the 40- 
day stage the percentage is 1.58. This increase is brought about by 
the laying down ef proteins in the embryo. It should be remembered 
that as these solids are deposited the percentage of moisture becomes 
less. If the nitrogen were calculated on the dry-weight basis the total 
nitrogen would be found to decrease somewhat as the seeds become 
older. 

Nitrate Nitrogen: Nitrate nitrogen occurred in very small amounts 
in the entire snap bean in all stages except the very old stages where 
it was absent. Its presence was not detected in the seed at any stage 
of growth. In the hull it appeared to be somewhat higher at the 10- 
and 15-day stages than at younger or older stages of maturity. The 
amount of nitrate nitrogen present is probably greatly influenced by 
the amount available in the soil. As the soil in this case was judged 
to be moderately well supplied with nitrates, it seems doubtful if 
nitrate nitrogen is ever found in very large amounts in the snap 
bean. The amount of nitrates present is important from the canner’s 
point of view because they may tremendously accelerate the corrosion 
of the tin ean, as shown by Culpepper and Moon (1928). 

Starch and Pentosans: The larger number of the samples for the 
starch determinations were lost through an accident. A few determi- 
nations upon the available material indicate that starch is low or 
absent in the hull and high in the seed, particularly in the old mate 
rial. A few tests indicate that the pentosans were rather high in the 
hull and low in the seed. 

Pressure Tests: It is immediately apparent upon making a casual 
examination both before and after cooking that the snap bean is firm 
in texture and holds its shape well in handling before cooking and 
during the cooking process. It is obvious also that it is hard and 
unpalatable in the raw state and requires a somewhat longer time to 


cook properly than many vegetables. It does not soften unduly or 
disintegrate during the canning process. It would seem probable that 


these characteristies are directly related to its resistance to pressure. 
As might be expected, the stage of maturity influenced the firmness of 
the material. The results of pressure tests made upon the fresh green 
material immediately after harvesting are shown (Table 1). The 
resistance to pressure is rather high at all stages of maturity. It seems 
to be a little higher at the 5-day stage than at the 10-day stage, but 
from the 10-day stage onward there is an increase in the resistance to 
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pressure. At the 40-day stage it was beyond the range of the instru- 
ment here employed. The magnitude of these changes is much less 
than is the case in maturing fruits. It will be noted that the resistance 
to pressure is very closely correlated with the percentage of insoluble 
solids present in the material. It may, therefore, be concluded that 
the direct cause of the increase in resistance to pressure is changes 
in the density of the material and its fiber content. 


CANNING TESTS 

The canned material was held in storage for eight months, when 
the cans were opened and the contents examined. The value as a 
eanned product of each of the lots was determined by submitting it 
to the judgment of several individuals, chiefly members of the labora- 
tory where the work was done. Notes upon the general opinions of 
these individuals were tabulated (Table 2). The notes as to eolor, 
texture, and flavor are self-explanatory. The numbers in parentheses 
refer to the order of preferences expressd by the judges, No. 1 being 
the most desirable with the higher numbers following in order of 
decreasing desirability. 

The color of the Burpee Stringless Green Pod variety does not 
change greatly until the 20-day stage of maturity is reached. The 
color was judged to be slightly better at the 15-day stage than at 
either older or younger stages. At the 25- and 30-day stages the hulls 
were somewhat paler and the seed a much deeper or darker brown. 
It was obvious that increasing prominence of the coloring materials 
of the seed coat detracted materially from the general appearance of 
the product at the 25- and 30-day stages. It will be remembered that 
the tannin-like materials of the seed were rather high and it is likely 
that these substances were responsible for the undesirable appearance 
here noted. In the Refugee Wax variety the beans are green in the 
very young stages and change to a light yellow as they develop. At 
the 10-day stage the green had not completely disappeared and the 
appearance of the material was not considered typical of this variety. 
The best color was again at the 15-day stage, for at the 25- and 30-day 
stages the development of coloring matter of the seed coat detracted 
from the general appearance. The alteration in appearance, owing to 
tannin-like substances, appeared to be a little more pronounced in this 
variety than in the Stringless Green Pod variety. 

The firmness or texture of the material was considered most desir- 
able at the 15-day stage in both varieties. The 25-day stage was some- 
what more fibrous while the 30-day stage was decidedly more fibrous. 
There was very little difference between the varieties until the 25-day 
stage was reached when the wax variety appeared to be slightly more 
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fibrous than the green pod. There was only a very small difference in 
the texture of the 10- and the 15-day stages, the 15-day stage being 
considered slightly preferable. There was very little difference in the 
flavor until after the 20-day stage was reached. Most judges con- 
sidered the 20-day stage the most pleasing in flavor. There was con- 
siderable disagreement as to the order in which to place the stages of 
maturity as to flavor. Many considered that when the seed had 
attained a certain size or made up a certain proportion of the mate- 
rial they added a richness of flavor not present in the younger ma- 
terial. There can be no question that when the seeds constitute an 
appreciable part of the material the food value of it is higher than in 
younger material where the seeds constitute an insignificant portion. 

Of the stages here studied the 15-day stage appeared to be the 
one most desirable for canning when all factors were considered. At 
this stage the pods had reached their maximum length but the seeds 
were still so small as to make up an insignificant proportion of the 
total material. The resistance to pressure and the total solids were still 
rather low, the sugar content high, and the acid and tannin content 
were low. Probably the most important factor making this stage 
seem most desirable was the appearance of the material, for the color 
ing substances of the seed coat were not as objectionably noticeable 
as at the older stages. It was obvious, however, that from the stand. 


point of palatability an acceptable canned product could be obtained 
over a comparatively long period in the development of the snap bean. 


COOKING TESTS 

The results of the cooking tests in which the variety Burpee String- 
less Green Pod was used were summarized (Table 3). The appearance 
of the product cooked in the manner described differed somewhat from 
that of the canned product. The character and intensity of the color 
in the seed coat was distinctly different. It was more reddish brown 
in the canned product. These differences are attributed to the higher 
temperature employed in the canning tests. The green component in 
the color complex was more intense and the brown color less intense. 
The results with reference to the effect of maturity upon the quality 
of the entire beans were in good agreemeent with those of the canning 
tests. One difference to be noted was concerned with the flavor and 
palatability. Judging the material as a canned produet the 15-day 
stage was most desirable, but judging the cooked material from the 
standpoint of palatability the 20-day stage was most desirable and 
even the 25-day stage was considered better than the 15-day stage. 
It is noted that the hulls alone decrease in color and general pala- 
tability from the 15-day stage onward. The seeds when cooked alone 
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made the best product at the 20- and 25-day stages. At the 15-day 
stage the product lacked substance, while at the 30-day stage it was 
too dry or starchy. 

As a result of the presence of coloring substances in the seed coat, 
the seeds were always somewhat, dark and might be considered unat- 
tractive. It is clear that the off-standard appearance of the older 
stages of the canned product was due to substances occurring in the 
seeds. It is evident from the standpoint of food value and palatability 
that the 20- to the 25-day stage of maturity was the most desirable. 
At this stage the pod has reached its full length and developed a 
large part of the possible maximum total dry weight. The seeds are 
one-half to two-thirds their full size and make up 15 to 25 per cent 
of the total weight of the entire snap bean. The hull, while somewhat 
less desirable than at the 15-day stage, is still tender and palatable. 

Climatic Conditions: It is not the purpose here to deal with the 
influence of climatic factors on the development of the snap bean. 
However, it seems necessary to state certain features of the seasonal 
conditions which must be taken into consideration when interpreting 
the above results. Sinee temperature is the most important factor 
influencing the rate of development, any variations that occur should 
be held clearly in mind. The date of sampling and the daily mean 
temperature from time of flowering to the time of sampling are shown 
(Table 1). Also, the daily mean temperature is given for the 5- or 
10-day intervals between each sampling period from September 2 to 
October 7, when the last sample was taken. All the material for the 
chemical samples flowered on August 28, and at 5- or 10-day intervals 
thereafter the chemical samples were taken. Thus all the samples had 
identical conditions during the first five days of development. After 
the 5-day sample was taken, the material for the remaining samples 
had identical conditions until the second sample was taken, and so on 
until the last sample was taken. 

However, the weather conditions were not uniform throughout the 
sampling period. The mean temperature for the first five days fol- 
lowing the date of flowering was 25° C. (77° F.), which was the high- 
est for any period. The average for the last sampling period was 
14.8° C. (58.9° F.) while next to the last was 13.2° C. (55.8° F.). 
Therefore, it should be expected that the rate of change with age 
would be slower for the final-stages of development than would have 
been the case had the temperature been the same for each succeeding 
sampling interval as for the first. This slowing down of the rate of 
maturity in the later stages probably makes the 40-day stage about 
the same in maturity as a 25- or 30-day sample developed under uni- 
form conditions similar to those of the first sample. 
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The rainfall for the sampling period as well as for the period from 
time of planting to time of flowering was above normal, and the soil 
moisture appeared ample at all times. Therefore, it is thought that 
variation in the moisture conditions did not greatly alter the course of 
development at any time. However, it may be expected that moisture 
conditions will have an important influence upon the composition and 
rate of growth, especially where deficiencies or excesses occur. Like- 


wise, many other factors may alter the composition and course of 
development, such as humidity of the atmosphere, sunshine, fertilizer 


treatment, and the nature of the soil. 

Discussion: The above results seem to indicate that the best 
canning stage and the most desirable stage for cooking fresh are not 
identical. This was apparently due to giving the color factor more 
weight in judging the canned product than it is given in judging the 
fresh beans as a table product. This result is based on the behavior of 
only one variety. It seems very likely that with a white-seeded variety 
the best canning stage would coincide much more closely with the 
best stage for use fresh than was the ease in this instance. 

The conclusions as to the best stage of maturity apply only with 
material freshly harvested. It may be inferred that changes would 
occur in storage and handling, but these have been given no consider- 
ation here. 

It should be remembered that varieties of snap beans differ greatly 
in the stage at which the hull becomes fibrous. The variety here 
studied is generally considered one that retains its tender quality until 
quite late in its development. 

It is recognized that from the standpoint of the grower, yields 
must be given consideration. Judging from the increase in size and 
weight of the beans from the time of flowering onward, one would 
conclude that the yield increases correspondingly. However, this may 
not be true, for when immature beans are picked, the plant may pro- 
duce other flowers and pods; whereas if the beans are allowed to 
mature, the plant ceases to produce new flowers and pods. Lancashire 
(1932) has shown that the total yields before grading are somewhat 
greater when snap beans are picked twice a week than when picked 
once a week or once every two weeks. After grading the material, the 
vield of beans suitable for canning is tremendously greater if the 
beans are picked twice a week than if picked any less often. These 
results show very clearly that delaying the harvesting is very detri- 
mental to yield as well as to quality of the product. 

Of course the best stage of maturity must be decided by the pref- 
erence of a majority of consumers. Preferences may vary in different 
localities and from time to time. Therefore, the best stage as here 
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found must not be considered as fixed. It is recognized too that in the 
distribution of a fruit or vegetable the quality desired by the con- 
sumer is often lost sight of by intermediate buyers or distributors 
because of lack of knowledge or because of trade advantages that may 
have little to do with the quality of the product. The object here in 
view has been that of showing something of the principles controlling 
the factors of general appearance, texture, and flavor. These factors 
determine the general preferences of consumers, and it is hoped that 
this study will assist in making an intelligent choice. 


GENERAL SUMMARY 

The entire bean, the hulls, and the seeds of one variety of snap 
bean, Burpee Stringless Green Pod, have been analyzed at several 
stages of maturity, and cooking tests have been made to determine 
the best stage for cooking fresh. Canning tests were made upon two 
varieties, Burpee Stringless Green Pod and Refugee Wax, to deter- 
mine the best canning stage. 

The composition of the entire snap bean varies greatly at different 
stages of development as a result of changes going on in its two parts, 
the pod valves, here termed hull, and the seeds. Since the major part 
of the growth of the hulls occurs before that of the seeds, the com- 
position of the early stages is determined largely by the changes in the 
hull, while variation in the later stages is determined largely by 
changes in the seed. 

The total solids in the entire snap bean decreased somewhat from 
the 5- to the 10-day stage, then increased gradually to about the 20- 
day stage, when the increase became much more rapid, continuing to 
the 40-day stage. Up to the 15-day stage of maturity the differences 
in the total solids may not be significant and are not considered very 
important from a practical standpoint. The hulls were low and the 
seed high in total solids; while small changes occurred in the hull, 
tremendous changes occurred in the seed. 

The sugars in the snap bean are rather low. In the seed the sugars 
are largely sucrose, and they decrease rapidly from the 15-day stage 
onward. In the hull they are largely reducing sugars and decrease 
slowly to the 40-day stage. In the entire bean their amount rises to 
the 15-day or 20-day stage, then decreases to the 40-day stage. 

The total nitrogen is high in the seed and increases from the 15-day 
stage onward. It is low in the hull and decreases from the 25-day stage 
onward. In the entire bean the nitrogen decreases slightly from the 
5- to the 10-day stage, then increases slowly to about the 20-day stage, 
when a rapid rise sets in as a result of changes in the seed. The 
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amount of nitrate nitrogen was very low even in the hull, and there 
was none in the seed. 

The tannin-like materials were higher in the seed than in the hull. 
While the changes in the hull were unimportant, there was a rapid 
decrease with increasing age in the seed. 

The cooking tests indicate that the best stage for table use was 
when the beans were 20 to 25 days old from date of flowering. At this 
stage the pod had almost reached its full size, while the seeds had 
attained one-half to two-thirds their full size and made up 15 to 25 
per cent of the total weight of the pod. The snap bean made an 
acceptable table product, however, over a long period of its develop- 
ment, from the 10- to the 25-day stages of maturity. 


The canning tests indicate that the best stage for canning was 
when the pods were 15 days old. At this stage the pods had reached 
their full length but the seed had developed so little as to make up an 
insignificant portion of the total weight of the pod. However, a fairly 
acceptable canned product was obtained from about the 10- to the 20- 
day stage, or a comparatively long period in the development of the 


snap bean. 
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I 


Metallic copper in extremely minute amounts is known to catalyze 
the oxidation of ascorbic acid. Extensive studies of the effect of metal- 
lie catalysts on the stability of pure ascorbic-acid solutions have been 
reported by Kellie and Zilva (1935) ; Barron, De Meio, and Klemperer 
(1936), and others. However, the stability of ascorbic-acid solutions 
in the presence of plant tissues has received but little attention. The 
problem is complicated by the fact that practically all vegetable tissues 
contain enzymes which also catalyze the oxidation of ascorbic acid. It 
will be shown elsewhere (Kertesz, Dearborn, and Mack) that this inter- 
ference may be completely removed by inactivating the enzymes with 
heat. 


The purpose of this research has been to investigate the effect of 
traces of copper and iron encountered as impurities in ordinary rou- 
tine analysis upon the determination of ascorbic acid in vegetables. It 
is common practice to extract ascorbic acid from plant materials by 
grinding under acid solutions, to centrifuge the extract, and to titrate 
it with sodium 2-6 dichlorophenolindophenol. It has been found that 
both the water and acids used may contain copper and other metals 
which promote the oxidation of ascorbic acid, thus resulting in lower 
titration values. Various means of inhibiting the catalytic action of 
copper have been studied, particularly as to their effect in minimizing 
errors in the chemical method for the determination of ascorbic acid. 


Kellie and Zilva (1935) have shown that with copper as catalyst 
the rate of oxidation of ascorbic acid increases enormously as the pH 
of the solution increases. Indeed, extreme care is necessary to prepare 
even water sufficiently free from copper so that ascorbic acid is stable 
in solutions of which.the pH is above 4. We have found that the same 
conditions prevail in vegetable extracts (Fig. 1). These conclusions 
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would indicate that one should use with caution methods for the deter- 
mination of ascorbic acid, such as those of Tauber and Kleiner (1935) 
and of Emmerie and van Eekelen (1934) which involve a considerable 
reduction in the acidity of the extract. In a later paper Van Eekelen 
and Emmerie (1936) state that it is necessary to work quickly during 
the mereurie acetate precipitation, and their own data show a five or 
six per cent loss in several cases. As King (1936) has pointed out, 
these methods are of great value in certain special cases. However, it 
would appear that blank determinations with known amounts of added 
ascorbie acid should be performed along with the main determination, 
and appropriate corrections applied for any lost aseorbie acid. 
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Fig. 1. The Effect of Plant Extracts upon the Oxidation of Ascorbie Acid. 


In 1928 Szent-Gyorgyi first recorded the eatalytic action of copper 
in the oxidation of ascorbic acid. He found that Fe*** and Mn** had no 
effect upon the rate of oxidation. On the other hand, Kellie and Zilva 
(1935) regarded both iron and copper as catalyst for the oxidation. 
Barron, De Meio, and Klemperer (1936) attacked the interpretation 
of Kellie and Zilva’s results, claiming that the oxidation in the pres- 
ence of iron was really due to small amounts of copper included as an 
impurity in the reagents. However, a reexamination of Kellie and 
Zilva’s data seems to indicate that an unreasonable amount of copper 
impurity would have to have been present to account for the observed 
‘ate of oxidation. Accordingly these experiments were repeated using 
very pure materials (Table 1). Unfortunately, the iron solution con- 
tained a trace of copper which was not at first detected. Later a larger 
amount of the iron solution was concentrated and a positive test for 
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copper was obtained with sodium diethylthiocarbamate. It seems prob- 
able that the slight oxidation occurring in the iron solution was due 
to this copper impurity. Apparently Barron is correct in his assertion 
that iron alone does not catalyze the oxidation. But in the presence of 
iron, copper exerts an increased catalytic activity. It seems possible 
that iron may act as a promoter or activator for the copper catalyst. 

It is certainly not practicable to remove every trace of copper from 
all reagents used in the determination of ascorbic acid. The more 
practical procedure is to add some reagent to the extractant which will 
inhibit the catalytic activity of the copper. The common eatalyst 
poisons, potassium cyanide and hydrogen sulfide, are effective espe- 


TABLE 1 
Effect of Iron on Catalytic Activity of Copper in Oxidation of Ascorbic Acid 








Reaction Per cent ascorbic acid oxidized 
ime in presence of 





Cu. 5 PPM 


Minutes a. § Fe 5 PPM Fe 5 PPM 





| 

15 24 | 
30 40 
| 

| 


61 
90 














cially in very weak acid solutions. However, potassium cyanide is not 
eompatible with strong acids, and hydrogen sulfide, being in itself a 
reducing agent, must be completely removed before determining the 
reduced ascorbic acid. Cystine hydrochloride has been proposed by 
Tauber and Kleiner (1935) as a stabilizing agent but does not appear 
to be particularly useful. The larger part of the inhibiting effect is 
caused by the lowered pH accompanying the addition of excess hydro- 
chloric acid necessary to dissolve the cystine rather than by any spe- 
cific action of the protein. Probably the best stabilizing agent for use 
in acid solution is metaphosphoric acid. Fujita and Iwatake (1935) 
proposed that this acid be used for extraction, but better results are 
obtained if it is combined with other acids more suitable for extraction. 
A large amount of data selected from the results of some experiments 
with metaphosphorie acid has been conveniently condensed by assuming 
that any given analysis should be completed within one hour and that 
five per cent oxidation is the minimum amount which may be regarded 
as a serious souree of error (Tables 2 and 3). The addition of two per 
cent metaphosphorie acid to the acid extraction medium allows a large 
factor of safety. But it should be noted that even large excesses of 
metaphosphorie acid do not entirely prevent the catalytic action of 
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copper. Hence, a reasonable amount of care should be exercised in 
selecting reagents for use in the chemical method, and those containing 
large amounts of copper as an impurity should not be used. 


TABLE 2 
Minimum Amounts of Metaphosphoric Acid Required to Protect 95 Per Cent of 
Ascorbie Acid from Catalytic Oxidation in One Hour at pH 2.0 by 
Various Amounts of Copper 








Cu. Added 


HPO; Concentration 
PPM _ 








per cent ct ll ttitieatie 
0.0 0.000 
0.1 0.003 
5.0 0.04 

10.0 0.08 








Since many vegetables contain appreciable amounts of copper, it 
was of considerable interest to determine whether this copper is active 
in the catalytic oxidation of ascorbie acid. Metals exist in plant mate- 


TABLE 3 
Influence of Metaphosphoric Acid and Hydrogen Ion Concentration on the Catalytic 
Oxidation of Ascorbic Acid by Copper 








Cu ¢ 
PPM HPO; added pH of 


Time required for 
solution 5% oxidation 





per cent minutes 
0.0 0 2.0 440 
0.5 50 
1.0 25 
5.0 7 

10.0 4 
0.1 >1400 
2.0 500 
5.0 


270 

10.0 215 

0.00 70 

0.01 60 

0.1 10 
5.0 


9 
10.0 3.1 <0.5 
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rials principally in a bound state as constituents of complex organic 
molecules. As a rule, only copper in an ionized form is catalytically 
active. The data presented indicate that eight per cent acetic acid 
extracts only a small fraction of the total copper present in peas in a 
catalytically active form (Table 4). A similar experiment with snap 
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beans extracted with acetic acid revealed no difference in the rate of 
oxidation upon the addition of metaphosphoriec acid. In this case none 
of the copper present appeared to be catalytically active. 
TABLE 4 
Influence of Copper in Peas on Stability of Ascorbic Acid Extracts 








Ascorbic acid 

‘ oresent after standing 
Solution or extract __! sachin — 
0 hr. | 1 hr. 2 hrs. 





| mg mg mg 
10.4 mg. ascorbie acid in 8% acetic! 


10.4 10.3 10.1 


g. peas extracted with 8% 
acetic acid ef 4; 10.1 


10.4 mg. ascorbic acid in 8% acetic 
acid plus ash from 10 g. peas.... 


10.4 mg. ascorbic acid plus ash 
from 10 g. peas in 8% acetic 
acid made 2% with respect to 
metaphosphorie acid 

















10.4 | 





CONCLUSIONS 

1. Minute amounts of copper usually present as impurities in ordi- 
nary distilled water and in commonly used reagents are sufficient to 
catalyze the oxidation of ascorbic acid and may cause serious errors in 
the chemical method for the determination as ascorbie acid in plant 
extracts. 

2. The catalytie activity of copper is considerably increased by the 
addition of small amounts of iron. It is suggested that iron exerts a 
promoter action on the primary catalyst, since it does not in itself 
catalyze the oxidation of aseorbie acid. 

3. Addition of two per cent metaphosphorie acid to the acid used 
to extract ascorbie acid from vegetable tissue effectively prevents any 
appreciable oxidation by copper in the time necessary for the analysis. 

4. Only a small fraction of the copper naturally occurring in many 
vegetables appears in the plant extracts in a catalytically active form. 





. L. MACK AND Z, I. KERTESZ 


REFERENCES 


Barron, E. S. G., DE Mero, R. H., AND KLEMPERER, F., 1936. Biological oxida- 
tions. V. Copper and hemochromogens as catalysts for the oxidation of ascor- 
bie acid. The mechanism of the oxidation. J. Biol. Chem. 112, 625. 


EEKELEN, M. VAN, AND EMMERIE, A., 1936. Some critical remarks on the determi- 
nation of ascorbic acid. Biochem. J. 30, 25. 


EMMERIE, A., AND EEKELEN, M. VAN, 1934. The chemical determination of vitamin 
C with removal of interfering reducing and colored substances. Biochem J. 28, 


1153. 

Fugita, A., AND IWATAKE, D., 1935. The determination of vitamin C with 2-6 
dichlorophenolindophenol. Biochem. Ztschr. 277, 291. 

KELUIE, A. E., AND ZiuvA, 8S. S., 1935. The catalytic oxidation of ascorbie acid. 
Biochem. J. 29, 1028. 


KeErTESZ, Z. I., DEARBORN, R. B., AND Mack, G. L., (In press). Vitamin C in vege- 
tables. IV. Ascorbic acid oxidase. 


King, C. G., 1936. Vitamin C, ascorbic acid. Physiol. Rev. 16, 238. 


SZENT-Gy6RGYI, A., 1928. Observations on the function of peroxidase systems and 
the chemistry of the adrenal cortex. Part IV. Observations on the oxidation 
and reduction of the hexuroniec acid. Biochem. J. 22, 1401. 


TAUBER, H., AND KLEINER, I. S., 1935. A method for the quantitative determina- 
tion of ascorbic acid (vitamin C). J. Biol. Chem. 108, 563. 


TAUBER, H., AND KLEINER, I. S., 1935. Aseorbie acid (vitamin C) oxidase. J. Biol. 
Chem, 110, 559. 





RECENT DEVELOPMENTS IN THE CHEMISTRY OF 
STORAGE AND PREPARATION OF FOODS 


MARK A, BARMORE 
Research Associate, Division of Home Economics, Colorado 
Agricultural Experiment Station, Ft. Collins, Colorado 


(Received for publication, August 16, 1936) 
INTRODUCTION 


1e storage and the preparation of foods—especially the latter— 
The storag 1 tl t f food lly the latter 
’? The reason 


are considered to be an ‘‘art’’ instead of a ‘‘science. 
for this is very plainly a lack of sufficient knowledge. Since the 
processes are being transferred from the domestie to the industrial 
field, however, scientifie control has become more desirable and prog- 
ress is being made in the transition from the ‘‘art’’ to the ‘‘science’’ 


stage. 

There has been some advancement in a number of fields in the 
last few years. Woolrich (1933) has found that the latent heat of 
the fusion of food stuffs is directly proportional to the percentage of 
moisture content, the presence of fats, starches, sugars, and mineral 
salts having no effect on the heat of fusion. Balls and Hale (1935) 
have found that fruits treated with a very dilute solution of certain 
sulphydryl-containing compounds will dry without blackening. This 
could not otherwise be prevented except by treatment with sulphur 
dioxide which results in an SO, content too high to be accepted by 
some foreign countries. 

An advance also has been made in the refining of sucrose from low- 
grade molasses by the Olivarius process described by Young (1934). 
This consists essentially of removing the invert sugar by fermentation, 
leaving the sucrose solution which can then be concentrated and erys- 
tallized. The process for the refining of levulose from the tubers of 
the Jerusalem artichoke has been perfected, and levulose may some 
day, according to MeGlumphy and Eichinger (1933), be a competitor 
of sucrose, but not until the price is materially reduced through 
quantity production or other means. One use of levulose is as a 
sucrose substitute for diabeties, since the diabetic ean utilize fructose 
with less aggravation t6 the system than is caused by glucose ; although 
evidently levulose, according to Deuel and Chambers (1925), is con- 
verted and utilized as glucose in the animal body. Platenius (1934) 
has found in this connection that there is evidently an enzyme in 
carrots which converts levulose to glucose, since it has been found that 
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suerose is hydrolyzed during storage but the presence of levulose 
could not be detected. 

A new process has been introduced into the production of bread 
which is said to decrease the time of cooling from two hours to 30 
minutes.* This is done by allowing bread to cool naturally for about 
25 minutes and then subjecting it to a vacuum of about 43 milli- 
meters until the desired temperature is reached. The relation of 
starch to flour quality and the stale-bread problem have been criticaily 
reviewed by Alsberg (1935, 1936) to whom those interested are re- 
ferred. In addition, progress has been made in the flavor of bread. 
Hofft and de Leeuw (1935) have found acetomethylearbinol to be 
present in bread and it is believed to be a precursor to diacetyl, a 
desirable flavor constituent. Further studies in the field of improv- 
ing the quality of bread have been made by Bailey and LeClere (1936) 
and Reichert and Sparks (1934) on hydrogen peroxide and by Wiig 
(1929) on acetone dicarboxylic acid as leavening agents. The chief 
advantage through the use of these substances is the absence of a 
residue in the bread. 


ADVANCEMENT IN FOUR FIELDS OF FOOD RESEARCH 


There are four fields of food research in which there has been 
very marked progress in the past few years and in which the results 
have been adequate and convincing, i.e., the storage of eggs, the storage 
of potatoes, the effect of light on the development of rancidity in fats, 
and the chemistry of pectin and its relation to jelly-making. 

It is evident why there has not been advancement in other divisions 
of food chemistry comparable to these four fields. In most cases the 
use of score cards and similar methods have been far too widely 
employed. It will be noted in the review of the above four phases of 
food research that no subjective methods of evaluating a particular 
property have been used, except in the work on rancidity which 
was based on the individual’s ability to recognize the rancid state. 
In no case was resort made to any type of score card. The research 
was based on some impartial objective method independent of per- 
sonal judgment or opinion. 

The use of a score card can be excused only as a means of arriving 
at an objective method. Obviously, so long as one is unable to develop 
objective methods the score card must be used, since it is to be pre- 
ferred to an off-hand opinion. Rapid progress in the field of food 
chemistry cannot be expected so long as dependence is placed on 
biased and variable personal judgment. The quality of eggs was 
measured by several methods evaluating the various desirable charac- 


*The Vacuum Bread Cooling Corporation, 1935. Private communication. 
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teristics of the whites and yolks with new or adapted instruments. 
The potato-storage investigations hinged on the sugar test, since the 
amount of sugar present was found to be directly proportional to the 
amount of caramelization during cooking. The keeping quality of fats 
was measured by the induction period and by the time required for 
rancidity to become detectable. The remarkable development of the 
knowledge of pectin and jelly-making is definitely an outgrowth of 
the device for the determination of jelly strength. 


STORAGE OF EGGS 


The hen’s egg has been used for generations as a food, but only 
in the last ten years has much been learned about its behavior under 
various types of treatment. Investigations in this field have shown 
that the white of newly laid eggs has a hydrogen-ion concentration 
approaching that of the blood of the hen, pH 7.6; and coincident 
with laying, the egg begins to lose carbon dioxide by diffusion. In a 
well-ventilated room, according to Sharp and Powell (1927), the loss 
of carbon dioxide is so rapid that the hydrogen-ion concentration will 
increase to pH 9.5 in a few days. Sharp (1933) and Sharp and 
Stewart (1931) state that this change takes place more slowly at low 
temperatures, and it may be entirely prevented by the proper coz- 
centration of carbon dioxide in the air. 

The edible portion of the egg consists of the white and the yolk, 
the former consisting of four layers. Passing from the shell inward, 
according to Sharp (1934), one finds first a layer of thin or watery 
white followed by a layer of thick or firm white, a layer of thin white 
and lastly a very thin layer of thick white immediately next to the 
yolk. 

It has been found by Heiman and Carver (1936), Pahlmann and 
Zorotschenzeff (1933), Sharp (1933), Sharp and Powell (1927), and 
Sharp and Stewart (1931) that owing partly to the loss of carbon 
dioxide and the increase in hydrogen-ion concentration the egg under- 
goes a process known as ‘‘liquefaction,’’ which is a transformation of 
the thick white to thin white and the movement of water into the yolk. 
This liquefaction takes place in two stages. The first involves essen- 
tially a decrease in the quality of the thick white. The second stage 
consists of an increase in the percentage of thin white at the expense 
of the thick white. Therefore, as the egg ages, the white continuously 
appears more watery or ‘‘runny’”’ and the yolk flattens out. If the 
diffusion of carbon dioxide can be prevented and consequently the 
increase in pH overcome, this liquefaction can be retarded to some 
extent in cold storage and relatively even more at room temperatures. 

The difference between the thick and the thin egg white has been 
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shown by Almquist and Lorenz (1932a, 1932b), Holst and Almquist 
(1932), and St. John and Green (1930) to be due to a difference in 
colloidal structure. The gel-like properties of the thick white, accord- 
ing to Almquist and Lorenz, are due to the ‘‘brush heap’’ type of 
structure found in many colloidal solutions. They were unable to 
find any similar type of structure in the thin white. Balls and Swenson 
(1934) have presented evidence which indicates that the breaking 
down of this ‘‘brush heap’’ structure in the deterioration of the egg 
white is caused by the action of an enzyme, evidently trypsin, on the 
protein fibers, thus transforming the egg-white gel to a liquid. 


“sé 


In addition to mere cold storage, Sharp (1933) and Sharp and 
Stewart (1931) studied several types of supplementary treatment to 
prevent egg deterioration and the loss of moisture, such as oiling shells 
to close the pores, controlling the humidity of the surrounding air and 
supplying an atmosphere containing small amounts of carbon dioxide, 
properly humidified. 


Eggs are used for food without the addition of other substances 
and also in such mixtures as cakes, soufflés, ete. The latter use depends 
on their ability to produce foams and to remain as foams until the 
protein present is coagulated and stiffened by heat. Work has been 
done on this phase of the subject also by Barmore (1936), Hunt and 
St. John (1931), St. John (1936), and St. John and Flor (1931). 
It was found that egg-white foams conform to the modern ideas of 
colloid chemistry—that is, there is absorption of protein at the liquid 
air interface and that this absorbed film coagulates, forming a non- 
soluble, solid film, thereby stiffening and stabilizing the foam. The 
stability of these foams, other things being equal, is dependent on the 
viscosity of the liquid in the foam structure. The addition of acid 
produces a more stable foam, according to Bailey (1935) and Barmore 
(1934), and increases the viscosity of the liquid phase. However, this 
change in viscosity accounts for only a fraction of the inerease in 
foam stability ; the remainder is evidently due to some change in the 
protein concentrated at the interface. This increased stability, due to 
acid, permits the heat, according to Barmore (1936), to penetrate and 
coagulation to proceed in the baking of an angel-fooc cake-mixture 
before the foam has collapsed enough to make a coarse-grained cake. 

St. John and Flor (1931), Henry and Barbour (1933), Bailey 
(1935), and Stanley (1934) report that when a turbine or Dover type 
beater is used the thin portion of the egg whites beats up to a larger 
volume. St. John and his coworkers beat the foam until it ‘‘peaked’’ 
when the beater was drawn through it. Henry and Barbour, and 
Bailey beat till the maximum volume was attained, and their data 
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are not comparable to St. John’s. Stanley does not give any data from 
which to draw conclusions. 


Hunt and St. John (1931) used their foams in the making of 
angel-food cake and found that when beaten as described the thin 
whites produced the largest cakes. Stanley’s (1934) results do not 
agree, but no data are given. It has been shown by Barmore (1936) 
that if beaten to the same foam specific-gravity identical cakes result. 
This stage of foam stiffness which results in ‘‘ peaks’’ is the usual stage 
to which egg whites are beaten by the commercial or domestic baker. 
From a practical standpoint, St. John has shown that the thin portion 
of fresh eggs makes slightly better cakes, but he has not shown that 
watery eggs in general give equally satisfactory angel-food cakes. He 
has shown that the unsatisfactory results obtained are not due merely 
to the watery condition of the whites, when old eggs with watery 
whites are used in angel-food cakes. It seems likely that the undesir- 
able effects of the whites of old eggs is due to the proteolysis described 
by Balls and Swenson (1934), since it has been shown by Barmore 
(1936) that injection of a solution of trypsin into egg white will cause 
the same effect in a very short time. Additional investigations in this 
field have also been reported by Balls (1935) ; Herrington and Sharp 
(1934) ; Sharp and Powell (1931) ; Stewart, Gans, and Sharp (1932) ; 
Gaggermeier (1931); Van Wagenen and Wilgus (1935); Wilgus and 
Van Wagenen (1936) ; St. John (1931); Almquist and Holst (1931) ; 
Almquist, Lorenz, and Burmester (1932) ; Holst and Almquist (1931a, 
1931b) ; Holst, Almquist, and Lorenz (1932); Baird and Prentice 
(1930) ; Cortese (1930); Dinslage and Windhausen (1926); Healy 
and Peter (1925); Heesterman (1932); Heiman and Carver (1936) ; 
Jenkins (1919); Kemp (1931); Knight and Blanek (1932) ; Lythgoe 
(1927) ; Nemetz (1929); Osborne and Campbell (1899); Pahlmann 
and Zorotschenzeff (1933); Perry (1936); Schweizer (1932); Sharp 
(1929) ; and Shutt (1931). 


STORAGE OF POTATOES 
The restaurant proprietors and potato-chip manufacturers have 
found that potatoes grown and stored in the extreme northern grow- 
ing regions will not produce a satisfactory product for more than a 
short period after harvest. Potatoes from these regions, when fried 
in oil or fat, colored too rapidly; and when cooked in air, water or 
steam, they were yellowish in color. This condition led to considerable 
work which resulted in a satisfactory explanation of the phenomenon 
with recommendations for its prevention and cure. 
Sweetman (1930), after a thorough literature review and a careful 
investigation, reported that the darkening was due to caramelization 
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of sugar (1933) and was directly dependent on the sugar content. 
The sugar content of the potato, which varied from .19 to 3.25 per 
cent, dry basis, was in turn shown to be due to the storage temperature. 
Later Peacock and Brunstetter (1931) ; Peacock, Wright, Whiteman, 
and Fuller (1931) ; and Wright (1932) reported independently similar 
results. 

From the results of these investigators it seems probable that there 
are only two reactions which are responsible for the sugar content. 
The first, classed as respiration, is the oxidation of sugars to carbon 
dioxide and water. The second is evidently the transformation of 
starch to sugar and vice versa. As the temperature of storage is re- 
duced the former reaction is retarded considerably, and the effect on 
the latter apparently results in a shift in the equilibrium such that 
the sugar concentration is increased. This idea is based on the findings 
that at temperatures from 0 to 4.4° C. (32 to 40° F.) sugar accumulates 
at the expense of starch, but at 10 to 21.1° C. (50 to 70° F.) the sugar 
is reconverted to starch ; although some of it is lost as carbon dioxide, 
owing to oxidation, according to Sweetman (1930); Wright (1932) ; 
and Wright, Peacock, Whiteman, and Whiteman (1936). 

It has been found that in storage at temperatures below 10° C. 
(50° F.) the accumulation of sugar is sufficient to produce undesirable 
color in potato chips and French fries and that below 4.4° C. (40° F.) 
the color is so dark, according to Peacock and Brunstetter (1931) : 
Peacock, Wright, Whiteman, and Fuller (1931); Sweetman (1930, 
1931); and Wright, Peacock, Whiteman, and Whiteman (1936), as 
to make the potato unpalatable. However, since the rate of respiration 
and shift in equilibrium is favorable to the decrease in sugar content, 
storage at a higher temperature will reduce the sugar content slowly. 

Wright, Peacock, Whiteman, and Whiteman (1936) report that 
storage at 15.6° C. (60° F.) results in tubers of sugar content that give 
the most desirable color and flavor. However, as they pointed out, 
Wright and Peacock (1934) have shown that at this temperature the 
rest period is short and sprouting takes place much more quickly than 
at low temperatures. 

It seems then that the correct procedure would be to store potatoes 
at about 4.4 to 7.2° C. (40 to 45° F.) until about six weeks previous 
to use. Stanley (1935) has shown that during the last six weeks they 
should be held at about 15.6° C. (60° F.) in order to reduce the sugar 
content to a value low enough to prevent undue coloration on cooking. 

Peacock and Brunstetter (1931) have applied the alkaline-picrate 
test for reducing sugars to this problem. This they recommend as an 
indicator of the amount of caramelization to be expected in the cook- 
ing of the potatoes. 
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Considerable work has been done on other culinary qualities of 
potatoes but only a few phases of the problem appear to be satisfac- 
torily explained. Rathsack (1935) shows how the characteristic of 
bursting when cooked without peeling is dependent on the condition 
of the potato and is due to mere expansion during cooking. After a 
potato loses about 10 per cent of its moisture in storage, it will not 
burst when cooked regardless of starch content; size, or variety. 
Enough shrinkage has taken place under these conditions to allow 
the necessary expansion, owing to the change in temperature, without 
bursting. He also shows that the ‘‘cutability’’ or solidity when cooked 
is dependent on the starch content; that is, the higher the starch 
content the less the looseness. Independently in this laboratory Bar- 
more (1935) has found a similar relation between the depth of pene- 
tration of a two-millimeter needle and the starch content. 


Rathsack (1935), on summarizing his work and that reported in 
the literature, concludes that there is some indication that the flavor 
of potatoes is dependent on a medium ash content and a relatively 
low percentage of nitrogen compounds. 


RANCIDITY IN FATS AND OILS 


The deterioration of fats and oils owing to the development of 
rancidity has been divided into three different types: oxidative, hydro- 
lytic, and ketonic. Oxidative rancidity is due to the addition of 
molecular oxygen to unsaturated glycerides forming peroxides or oxide- 
like compounds which decompose spontaneously or react with water to 
form aldehydes, ketones, and fatty acids. Hydrolytie deterioration 
is merely the hydrolysis of glycerides with the formation of free fatty 
acids. Ketonie rancidity, according to Triebold (1931), takes place 
in fats containing nitrogenous impurities which are due to certain 
molds acting on lower members of the saturated fatty acid series, 
producing methy! ketones as end products. 


The first type of deterioration—oxidative—has been intensively 
studied recently and considerable advancement made. Powick (1923) 
has shown that the products of oxidative rancidity include peroxides, 
aldehydes, ketones, and acids. Several tests have been devised and 
applied, based on the detection of one or more of these compounds, 
but none is universally accepted except the old-fashioned organoleptic 
test, as shown by Coe (1934) and Triebold (1931). In fact Coe and 
LeClere (1934a) have reported data showing that oils which have not 
been exposed to light may give a positive reaction with the chemical 
tests but still are not rancid organoleptically. This indicates that the 
organoleptic rancidity is due to a compound that accompanies the 
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formation of peroxides, aldehydes, ete., during exposure to light but 
is not any one of these types. 

It has been found by Lea (1931) and Greenbank and Holm (1924) 
that oxidation of fats and oils is an autocatalytiec process and that the 
length of time required to start the process (induction period) at 
elevated temperatures is a measure of the keeping quality. Several 
factors have been found to decrease the induction period, and con- 
sequently decrease the keeping quality. The presence of tin, copper, 
and iron have been found by Davies (1928) to decrease the length of 
time before rancidity can be detected. The presence of fatty acids as 
shown by Greenbank and Holm (1924), and the exposure to light 
have a similar effect as shown by Coe (1934), Emery and Henley 
(1922), Kerr (1921), Lea (1931, 1933), Morgan (1935), and Newton 
(1936). 

While light is only one of the factors hastening rancidity, it is 
probably one of the most important in these days of transparent food 
wrappings. Coe (1932) was evidently the first to point out that not 
all wave lengths of light were equally effective in producing rancidity. 
There is, however, considerable disagreement between investigators 
regarding the relative effectiveness of the various wave lengths. Coe 
(1932, 1934), Coe and LeClere (1932, 1934a, 1934b, 1935), Lea (1931, 
1933), Morgan (1935), and Newton (1936) state that sextant green 
(4900 to 5800 A°) is the least effective, while Greenbank and Holm 
(1933) make the same claim for blue light, and Morgan (1935) states 
that red, orange, yellow, and green have about equal rancidity-retarda- 
tion properties. 

The work of Coe and LeClere (1934b) and Coe (1934) and that 
of Morgan (1935) agree regarding the effect of blue and ultra-violet 
light. They both state that these short rays are very active in catalyzing 
rancidity. The only explanation for the disagreement regarding the 
effect of yellow light on fats seems to be that in the filters used by 
Coe and LeClere sufficient light of the violet end of the spectrum was 
transmitted, while in Morgan’s special yellow film these rays were 
more completely excluded. 

As a result of this work a green and yellow, transparent, rancidity- 
retarding wrapping material, intended for the food-packaging trade, 
has appeared on the market as recommended by Carpenter (1933) and 
Morgan (1935). 

Antioxidants have been quite practical in delaying oxidation of 
such materials as rubber, gasoline, and soap. Encouraged by the suc- 
cess in this field there has been considerable effort expended to try to 
find or develop antioxidants for fats. Several have been found, such 
as hydroquinone, anaphthol, orcinol, thymohydroquinone, guaiaco, and 
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resoreinol, according to Franch, Oleott, and Mattill (1935), Green- 
bank and Holm (1934), and Oleott (1934). None of these can be 
used in foods, however, until shown to be nontoxic. Soybean flour, oat 
flour, wheat germ oil, palm oil, Musher (1935), and lecithin, Evans 
(1935) and Wiesehahn (1935), have been shown to act as antioxidants. 
However, from the work of Coe and LeClere (1935), Morgan (1935), 
and Musher (1935), it seems that the use of antioxidants is not so 
promising as the use of protective green or yellow wrappings in retard- 
ing the development of rancidity in fat-containing foods exposed to 
light. 
PECTIN AND ITS RELATION TO JELLY-MAKING 


Pectie substances are found in the cell walls of plant tissues and 
are divided into three divisions—protopectin, pectin, and pectic acid. 
Protopectin, according to Baker (1935c), is the water-insoluble frac- 
tion which may be hydrolyzed by enzymes and acids to pectin. The 
latter is water-soluble and may also be hydrolyzed by enzymes or 
alkalies to pectic acid. 

Pectin is by far the most important member of the three. It is 
extracted commercially from apples and citrus fruits and has a wide 
variety of uses, such as a thickening agent for many typeseof food 
products, a staling retarder in baked goods, a constituent in pharma- 
ceutical preparations, in solutions used in the quenching of steel, ete. 
The most important use, however, is in the preparation of jams and 
jellies. Nearly all of the many uses and possible uses are results of 
its colloidal properties. 

It is generally agreed that pectin is made up of d-galacturonic 
acid, l-arabinose, d-galactose, acetyl and methoxyl groups. It is 
believed by Baker (1935¢), Bridgman and King (1933), and Morell, 
Bauer, and Link (1934) that the structural unit contains a polymer- 
ized galacturonic acid anhydride with a minimum of eight to 10 acid 
molecules. Myers and Baker (1934) have gone so far as to say that 
the unhydrolyzed pectin is mono-galacto-monoaragino-diacetyl-hepta- 
methoxyl-octagalacturonie acid (C,;,H,.O;,). 

Baker (1926, 1935b, 1935¢c), Baker and Kneeland (1936), Bridg- 
man and King (1933), Myers and Baker (1926, 1927, 1929, 1931, 
1934), Cox (1933), Tarr (1923, 1926), and Tarr and Baker (1924) 
have been working for several years on the jellying properties of 
pectin solutions. This work has resulted in many reports as the work 
progressed. By adopting a standard method of preparation and a 
mechanical method of testing the properties of the resulting jellies, 
they were able to show how the sugar, the acid, and the pectin content 
influenced the process. The strength of the jelly was increased by 
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the pectin or by decreasing the sugar content. It was found that a 
pH not greater than 3.46 was required for jelly formation, and that 
as the hydrogen-ion coneentration increased from this point the jelly 
strength increased, reaching a maximum at a pH of about 3.3 to 3.0 
depending on the acid used. The pH of optimum jelly strength, how- 
ever, is reduced by decreasing the sugar content according to Olsen 
1934. At the optimum pH (3.25) for a 69-per cent sugar jelly the addi- 
tion of a salt, sodium acid tartrate, up to about one per cent decreased 
the jelly strength; but the addition of more of the salt increased the 
strength so that at a concentration of two per cent it was equal to that 
which contained no salt. 

Myers and Baker (1929, 1931) have reported findings on the most 
satisfactory methods of extraction of citrus pectin. By determining 
the jelly units (the product of the yield of pectin in grams and the 
grams of sugar required to produce a jelly of strength 50 with one 
gram of pectin) for each variation they found that the best condi- 
tions for extraction were a temperature of 78° C. (172.4° F.), a pH 
of 2.15, and an extraction period of 30 minutes. 

The pectin of highest jellying power is supposed to have some of 
the constituents of the pectin molecule split off, but this is thought not 
to include a depolymerization of the gelacturonic-acid groups. Long 
extraction at a high temperature or at a high pH reduces the jelly units 
obtained and is therefore thought to cause partial depolymerization of 
this galacturonic anhydride. 

Baker (1935a, 1935b), Myers and Baker (1927), and Wilson (1928) 
have made practical application of their findings and have shown that 
within certain limits the viscosity is a measure of the quantity and 
quality of pectin present and consequently of the amount of sugar 
required to produce a jelly of chosen strength. They have set up 
tables from which the sugar requirements may be determined or eal- 
culated from the viscosity. A simplified viscosity pipette was devised 
and its use recommended in domestic as well as commercial jelly- 
making. Thus the ‘‘art’’ has been taken out of jelly-making. 

Olsen (1933, 1934) has gone far in explaining the colloid chemistry 
of jelly-making. He states that the pectin particle is a negatively 
charged hydrophilic colloid. Evidence is presented to show that sugar 
functions as a dehydrating agent, that the dehydration of the pectin 
by the sugar requires time to come to equilibrium, and that the rate of 
dehydration and precipitation increases directly as the hydrogen-ion 
concentration. These ideas explain many of the results obtained by 
others. 

The findings by means of the usual hot method of preparation and 
those of the cold method of Spencer (1929) differ mainly owing to the 
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absence of a maximum jelly strength with a variation in hydrogen-ion 
concentration in the latter method. This difference is due to the ability 
of the cold method to operate with the time limit of the system, as 
shown by the work of Olsen (1934). The reduction in jelly strength 
at a higher hydrogen-ion concentration than that producing the 
maximum jelly strength at a given sugar concentration in jellies pre- 
pared by the hot method, is apparently due to the dehydration of the 
pectin taking place so rapidly that gelation sets in before the various 
manipulations of the process have been finished, resulting in partial 
destruction of the gel structure. In other words, it is due to an over- 
lapping of the preparation and gelation periods. 

Thus it has been shown that jelly formation depends on chemical 
reactions, and as Olsen put it, ‘‘A few simple concepts from colloid 
chemistry may suffice to explain quite satisfactorily the observed 
phenomenon.’”’ 
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INTRODUCTION 


The origin of ascorbic acid is an interesting problem, particularly 
in view of the fact that some animals seem to need little or no vitamin 
C in their diet. Whether they actually require no vitamin C or manu- 
facture this substance, perhaps by aid of an enzyme, is an open 
question. The mouse has generally been regarded as being independent 
of vitamin C, although it has not been the subject of serious study 
as to this point. In the present work we have made this test on mice, 
and since the effect of overdosage of this vitamin has never been 
studied, we have made such a test as well. We have also attempted to 
find an enzyme in animal and plant tissues capable of producing this 
vitamin from sugars. 


EFFECT OF VITAMIN-C-FREE DIET ON GROWING MICE 

Six pregnant mice were placed on the following vitamin-C-low 
diet: 240 grams of rolled oats, 30 grams of skim milk which had 
been heated at 37.8° C. (100° F.) until light brown in color to destroy 
the vitamin C, 10 grams of cod liver oil, and one gram of NaCl. An- 
other group of six pregnant mice was kept on the same diet plus four 
milligrams of ascorbie acid’? to 15 grams of the same food mixture. 
The vitamin C was dissolved in distilled water (one mg. per ¢.c.) and 
mixed into the food. The food was replaced every day. The mice were 
two to three days ante partum. All litters were reduced to equal 
numbers (four) and the mothers were kept on the respective diets 
until the young were four weeks old, when they were separated from 
their mothers and divided into two groups. There were then 10 young 
mice in each group, equally divided as to males and females of about 
the same weight. The mice which had been suckled by mothers on a 
vitamin-C-low diet and had later themselves been fed such a diet 
grew much more slowly than those whose diet contained an appreciable 


'This work was aided by a grant from the Committee on Scientific Research, 
American Medical Association. 

*We are grateful to Hoffman-La Roche, Inc., for a large part of the synthetic 
l-ascorbie acid (Redoxon) used. 
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amount of this vitamin (Table 1, Experiments 1 and 2). The animals 
on a vitamin-C-low diet showed great hypersensitiveness to touch. 
They were excitable and on the slightest stimulation would try to 
jump out of the cage. This lessened with age, and the eight-weeks-old 
mice showed no ‘‘nervousness’’ at all, resembling normal animals 
except in size. Several were killed and autopsied but showed no 
pathological changes at this age.® 


EFFECT OF LARGE AMOUNTS OF VITAMIN C ON GROWING MICE 


Twelve eight-weeks-old female mice of about the same weights 
were divided into two groups. Group I was placed on the vitamin-C- 


TABLE 1 


Experiments on Growing Mice Receiving Various Amounts of Vitamin C 








Ascorbic 
: aci 
Experiment added to 
vo. vitamin- =e zi > ba 
C-low Initial After Second 7 Third Gain 
diet weight weighing weighing or loss 


Weights of mice 














pet. gms. days gms, days gms. gms. 
0 7.5 9 10.5" 24 13.6" a7 
0.027 9.4" 9 14.0’ 24 18.0? 8.67 
0.1 16.0 13 20.0 17 21.0 5.0 
0.1 11.3 13 14.0 17 15.0 3.7 
5, Group I 0.1 14.0 13 13.0 17 13.0 —-1.0 
6, Group I 0.1 12.0 13 15.0 7 16.0 4.0 
7, Group £.........4 0.1 16.0 13 18.0 17 18.0 2.0 
8, Group I 0.1 13.5 13 15.0 17 16.0 2.5 

9, Group II 10.0 12.7 13 12.0 17 11.0 -1.7 
10, Group II 10.0 16.7 13 17.0 17 16.0 0,7 
11, Group IT 10.0 10.5 13 11.0 17 10.0 —0.5 
12, Group II 10.0 12.7 13 13.0 17 14.0 1.3 
13, Group II 10.0 15.6 13 16.5 17 17.0 1,4 
14, Group II 10.0 14.2 13 | 15.0 17 14.2 0.0 


























1These values are the averages of the weights of 10 mice, since the animals were so 
small that the weights of the individuals were not so accurate as those of the larger animals. 
The initial weights were taken at weaning. Before weaning the lactating mothers had been 
on the corresponding diets. 


low diet to which was added .1 per cent of ascorbie acid, and Group 
II received the same amount of this food mixture with 10 per cent 
of ascorbic acid added (Table 1). The mice were supplied with an 
excess of food, which was made up fresh every day. Group II con- 
sumed about 30 per cent more food than Group I but this increased 
food intake did not lead to an increased rate of growth. On the 
contrary, only two gained slightly, while the other four remained 
stationary or lost slightly. The controls (Group I) gained weight in 
five out of six instances. 


*We wish to thank Dr. Alfred Angrist for carrying out the pathological exami- 
nations, 





VITAMIN-C STUDIES. THE REQUIREMENT OF MICE 


EXPERIMENTS ON RAT AND BEEF TISSUES 

Thirty-two grams of liver from eight albino rats were cut in slices 
about 2 millimeters in thickness. To eight-gram portions 50 c.c. of 
one-per cent glucose solution and five ¢.c. of M acetate of pH 5.9 
were added. To other eight-gram samples of sliced liver 50 c.c. of 
one-per cent galactose, mannose, and arabinose solution, respectively, 
plus five c.c. of buffer were added. After three hours at 37° C. 
(98.6° F.) aliquots of the filtered mixtures were removed and titrated 
with 2,6-dichlorobenzenoneindophenol. There was no difference in the 
reducing power of the various samples when compared with the initial 
sample after mixing and treatment with mercuric acetate, nor was 
there any increase in reducing power when this was repeated with a 
time period of 18 hours at 37° C. (98.6° F.). In all cases the proteins 
and other interfering substances were removed by the mercuric-acetate 
proceedure, as described by Tauber and Kleiner (1935, 1) and by 
Emmerie and van Eekelen (1934). Similar results were obtained when 
30-per cent alcoholic extracts of rat liver, rat kidney, rat adrenal, 
beef kidney, and beef adrenal, respectively, were employed. Nor did 
the results differ at pH 7.0 and 7.4 respectively. 


EXPERIMENTS WITH PLANT TISSUES 


Dry peas were kept in distilled water for 18 hours after which time 


the seed coats were removed. The peas were then germinated on moist 
cotton for three days at room temperature. Forty grams of the germi- 
nated peas were extracted for five minutes with 200 ¢.c. of 30-per cent 
aleohol. To 30 ¢.c. of the aleoholic extract 100 mg. of glucose, 15 c.c. 
of distilled water, and three c.c. of M acetate of pH 5.9 were added. 
To another sample 100 mg. of mannose were added, and to a third 
arabinose was added instead of glucose, and they were kept at 37° C. 
(98.6° F.). After three and 24 hours, respectively, the interfering sub- 
stances were removed by the mercuric-acetate method. There was only 
a very slight reduction in all of the samples, identical in amount with 
a sample taken at zero time, and there was no difference between the 
various sugars. At pH 7.0 and 7.4 the results were similar. Extracts 
of germinated sunflower seeds also did not form vitamin C when in- 
cubated with hexoses. 


EXPERIMENTS WITH MOLDS* 


In this experiment the following apple juice-glucose solution was 
employed. One apple was steamed in 1,000 c¢.c. of distilled water, 
100 grams of glucose were added, and this solution was put up in 250 e.e. 


‘For this material we are indebted to Dr. Margaret Hotchkiss of our Depart- 
ment of Bacteriology. 
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amounts in flasks and sterilized at 15 pounds for 20 minutes. (1) To 250 
e.c. of apple juice-glucose 10 ¢.c. of pure culture of Bacterium xylinum 
was added. (2) To 250 ¢.c. apple juice 10 c.c. of pure culture was added 
and also three grams of Fleishmann’s yeast made into a suspension 
in the medium and boiled for five minutes, because Siegwart and 
Fodor’s work (1935) suggested that co-zymase present in yeast may - 
aid in the reaction. (3) To 250 ¢.c. of apple juice-glucose 10 c.c. of 
pure culture and three grams of yeast were added. The samples were 
kept at 22° C. (71.6° F.) for six weeks. In the mercuric-acetate- 
treated samples of the molds grown on apple juice plus glucose the 
vitamin-C content was equal to that of the controls. Boiled or un- 
boiled yeast did not influence the results, which were similar with 
Bacterium acetobacter and with Bacterium dioryaceticum. Yeast, how- 
ever, was not employed in the case of the two latter organisms. 


DISCUSSION 


The experiments on mice indicate that this animal requires small 
amounts of vitamin C in its diet for normal growth. Osborn and 
Mendel (1917) and MeCollum and Pitz (1917) found that no seorbutie 
lesions could be produced in rats kept on a vitamin-C-low diet. Later, 
however, Harden and Zilva (1918) found that although rats are not 
very susceptible to scurvy they cannot entirely dispense with anti- 


scorbutics without restriction of their normal development. The find- 
ings of Drummond (1919) were similar. It now appears that mice also 
require vitamin C, even though in minute quantities. Extremely large 
amounts seem to be harmful and prevent the young animal from grow- 
ing normally. In these experiments the quantity of ascorbic acid 
fed was proportionately larger than has ever been fed to any animal. 
The failure to grow normally, in spite of an increased intake of food, 
may be due to a speeding up of metabolism to an unusual degree. 
That aseorbie acid has an activating effect upon enzymes has been 
found by a number of authors.® Both hypo- and hyper-vitaminosis 
lead to peculiar nervous symptoms. Since in both cases there was defi- 
cient growth, these symptoms may simply be manifestations of mal- 
nutrition rather than any specific influence of the vitamin. 

Although our experiments on mice and the work of others on rats 
indicate that these animals require some ascorbic acid in their diet and 
hence probably do not manufacture it themselves, it was felt that 
attempts should be made to produce the vitamin by animal-tissue 
extracts. 

°A discussion and bibliography of this subject may be found in a recent mono- 


graph by Tauber, H., (1936). (Experimental Enzyme Chemistry, p. 61 and p. 74, 
Burgess Publishing Co., Minneapolis, Minn.) 
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Recently Guha and Ghosh (1935) reported that the spleen, kid- 
ney, and liver tissues of the rat are able to form ‘‘significant amounts”’ 
of ascorbic acid when incubated with mannose. They claim to have iso- 
lated a mannose-dehydrogenase system. These authors titrated the vi- 
tamin-C formation with the indicator 2,6-dichlorobenzenoneindophenol 
directly on the unpurified tissue extracts in the presence of proteins 
and reducing substances such as glutathione, cystein, ete. They state 
that in the absence of biological tests their work involves the assump- 
tion that the substance titrated with the indicator consists of vitamin C. 
Our experiments which have been carefully checked by proper con- 
trols show, however, that extracts of rat and beef tissues as well as the 
sliced tissues of these animals cannot convert sugars to vitamin C. 
The recent work of von Euler, Gartz, and Malmberg (1935) has led to 
similar results. 


Siegwart and Fodor (1935) claim that a certain folk remedy, consist- 
ing of the molds Bacterium xylinum, Bacterium xylinoides, Bacterium 
gluconicum, and Torula yeast and grown on glucose media containing 
tea, is able to convert glucose to ascorbic acid. We have, therefore, in- 
vestigated a number of molds also. Although it was impossible to obtain 
exactly the same biological material as was used by Siegwart and Fodor 
(1935), the conditions were duplicated as closely as possible, but results 
were negative. Furthermore, it should be noted that in their experi- 
ments tea was used. As shown elsewhere by Tauber and Kleiner (1935, 
2) tea contains ascorbic acid as well as other reducing substances (tan- 
nins), and the ascorbic acid present explains the biological ‘‘con- 
firmation’’ of their results. 


Nurmia (1935) found that if certain plants, such as grasses, peas, 
beans, ete., were placed in the dark to reduce their sugar content and 
were then cut and immersed for a day in a sucrose solution, and the 
plant was analyzed, sucrose was found to have been converted into 
glucose and fructose, but no vitamin C was formed. Our results with 
certain plants were similar. 


SUMMARY 


The growing mouse requires vitamin C for normal development. 
If this vitamin is lacking it does not grow at a normal rate and shows 
abnormal behavior. However, eventually these latter symptoms dis- 
appear. 

Large quantities of ascorbic acid when fed orally retard growth. 

Extracts of rat and beef tissues as well as sliced tissues cannot 
convert hexoses to vitamin C, as has been claimed by Guha and Ghosh, 
nor ean certain plant tissues and their extracts convert sugars to 
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ascorbie acid. This confirms the work of Nurmia and that of von Euler 
and co-workers. 

A number of molds were found to be unable to convert sugars to 
vitamin C. 
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INTRODUCTION 

The purpose of determining the effect of various factors on the 
maximum alcohol attained by Saccharomyces ellipsoideus (wine yeast ) 
prompted the investigation reported in this paper. The problem is not 
only of scientific interest but of practical importance in connection 
with the production of natural, sweet wines of high alcohol content 
without fortification (addition of brandy). 

Cruess, Brown, and Flossfeder (1916) reported upon semi-com- 
mercial experiments in which wines of high alcohol content were 
obtained by the so-called ‘‘syruped-fermentation’’ method. This 
method, first described in the literature by these authors, consisted of 
conducting the fermentation of grape must with Saccharomyces ellip- 
soideus until only 5 to 10 per cent of sugar remained, and then adding 
grape concentrate or raisins, which provided additional sugar and 
stimulated high alcohol production. In one experiment the final aleohol 
content exceeded 20 per cent by volume. Eoff, Butler, and Melchoir 
(1929) reported similar results, using fruit juices to which 35 per cent 
of sugar had been added initially. These authors concluded that three 
factors—temperature, yeast variety, and use of fresh juice—were of 
primary importance in attaining unusually high aleohol formation. The 
optimum temperature reported by Eoff et al., was 15° C. (59° F.). 
Garino-Canina (1923) reported that high temperature, high sugar con- 
centration, and high alcohol content inhibit fermentation. Most of the 
literature reporting the effect of temperature upon alcoholic fermenta- 
tion deals with its effect upon fermentation rate rather than upon final 
aleohol yields. Astrue and Castel (1933) reported that addition of 
grape concentrate to must deficient in sugar gives better results than 
addition of sucrose or aleohol. 


EXPERIMENTAL METHODS 
The method of fermentation followed in most of the present experi- 
ments was essentially that of Cruess and his associates. In most cases 
lots of 500 ¢.c. of juice, usually grape, were sterilized at 100° C. 
405 
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(212° F.) in quart bottles plugged with cotton. Fermentation was 
conducted with pure cultures of Saccharomyces ellipsoideus and the 
rate of fermentation was followed by noting the daily decrease in Brix 
degree, or where small volumes of medium were used, by daily loss in 
weight owing to evolution of CO,. 


After fermentation had ceased, aleohol was determined by distilla- 
tion of a 100-c.c. sample and use of the Salleron Dujardin ebullioscope 
on the distillate. 


In most experiments the strains of Saccharomyces ellipsoideus were 
three from the University of California’s collection known as ‘‘Cham- 
pagne,’’ ‘‘Burgundy,’’ and ‘‘Tokay”’ strains. The first two came 
from P. Pacottet in France about 1910-11; the third was imported 
from Europe by Fruit Industries Ltd., about 10 years ago. All three 
are vigorous fermenters. The Champagne and Burgundy strains form 
a course, granular sediment; the Tokay, a fine-grained or pulverulent 
sediment. All three are in general use in California wineries. 


EFFECT OF TEMPERATURE 
In this experiment 500 ¢.c. portions of sterile grape juice were 
inoculated with 10 ¢.c. of an active pure culture of the Champagne 
strain. The inoculated juices were incubated at 7, 10, 16, room tem- 


perature (20 to 22° C.), 25, 28, 31, 34, and 37° C. (44.6, 50, 60.8, 
68 to 71.6, 77, 82.4, 87.8, 93.2, and 98.6° F.) in duplicate. The syruped 
method of fermentation was followed. The syrup consisted of grape 
juice sweetened to 70° Brix by the addition of sucrose. The syrup was 
added when the Brix degree had decreased to between 5 and 10° Brix, 
the original juice being approximately 22° Brix. Sufficient syrup was 
added to increase the density of the liquid 10° Brix. 


Fermentation was allowed to proceed until evolution of CO, ceased 
and the Brix degree had become constant. 

All of the fermentations were sound and apparently free of con- 
tamination with other organisms. The rates of fermentation, naturally, 
were much greater at the higher temperatures. Fermentation lasted 
about four months at 7° C. (44.6° F.) and had run its course in less 
than two weeks at 34 to 37° C. (93.2 to 98.6° F.). 

It is evident that high aleohol production is favored by relatively 
low temperatures of fermentation (Table 1). In the range from 7 to 
about 22° C. (44.6 to 71.6° F.) inclusive, the maximum alcohol at- 
tained was fairly high at 16.2 to 17.3 per cent. At 25° C. (77° F.) 
there was a marked drop in the final aleohol percentage. The decrease 
was very abrupt between 31 and 37° C. (87.8 and 98.6° F.), the final 
aleohol content at 37° C. (98.6° F.) being only 6.4 per cent. 
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EFFECT OF VARIETY OF JUICES 


Several fruits and vegetables were crushed and pressed to secure 
juices, which were brought to 35° Brix (35 per cent soluble solids) 
by the addition of sucrose. The vegetable juices (pea and string bean) 
were acidified by the addition of .5 per cent citric acid. The original 
pH values of the various juices are given (Table 2). Fermentations 
were conducted at room temperature in 300-c.c. Erlenmeyer flasks, 
containing 150 ¢.c. of juice to a flask. All were sterilized at 100° C. 


TABLE 1 
Effect of Temperature on Alcohol Formation in Grape Juice by Saccharomyces 
Ellipsoideus by ‘‘ Syruped-Fermentation’’ Method 








Alcohol by 

Temp. of Period of Syrup volume in Average 
incubation fermentation additions fermented alcohol 
products 





*¢. days pet. pet. 
7 126 16.3 16.45 
7 126 as 16.6 16.45 


10 41 16.2 16.4 
10 41 on 16.6 16.4 


16 29 16.0 16.65 
16 29 one 17.3 16.65 


(20-22 approx.) 4 int 16.5 16.5 
(20-22 approx.) 4 16.5 16.5 


13 14.4 13.9 
13 oon 13.4 13.9 


19 cone 13.5 
19 13.1 
19 12.5 
19 aes 11.9 


13 8.2 
13 ae 9.0 


13 6.5 
13 sii 6.2 

















(212° F.) before use ; owing to the low pH values sterilization was not 
difficult. Each of the 150-c.c. portions was inoculated with an active 
pure culture of the Champagne strain of Sacch. ellipsoideus. Rates of 
fermentation were followed by daily weighings of the flasks, but since 
the data are not essential to the present paper they will not be given 
in detail. The fermentation period was 29 days. Of the juices used 
orange fermented the most rapidly (Table 2). Tomato, pea, pineapple, 
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TABLE 2 
Effect of Variety of Juice upon Alcohol Yield, Using Juices Sweetened with 
Sucrose to 35° Brix, and no Subsequent Sugar Addition 


(Fermentation period, 29 days) 








Initial Alcohol Average 


Variety 
& ’ pH by volume alcohol 





pet. pet. 


Evaporation control (grape )..........ccscccsscssseccssrre od 0 0 
Evaporation control (grape )...........ccccscccscscseee Sot 0 0 


Thompson seedless grape : 13.4 
THOMPSON BOOTING GIBPC-...-.<ccecesesecessosecsvorssesstevnese Oot 13.4 


Ladyfinger grape . 4.4 13.2 
Ladyfinger grape ‘ 13.2 
Ribier grape j 2. 12.5 
Ribier grape y 12.5 
I occ scssn sncssiinesseccerresbanemecsiviiacemvestoson WOU 12.6 
Muscat grape 3. 3.2 12.6 


Grape concentrate (diluted to 22° Brix 

and sucrose added to 35° i : 2.é 12.05 
Grape concentrate (diluted to 22° 

and sucrose added to 35° Brix) 


Orange 
Orange 


i LA NON Ee OL NOTE) ey 


i RET ILL LETTS: | 


PERORP IS CORMMOT JUICE) ..0.0-ccccsseseseoscesocsesscesccssoss D. 


PAMORDBIO LORMMOE FUREB) nsccccescosscssscssccensecosessesssces: 4 1 


Tomato woe 4.9 
Tomato 


NE isons cacuncsesusiunsiedssduassiaseacievegearsnsabacoustesnssuveddewies. 5.4 
ON iiis cc nce latcsiatieesubsnadevictguatsinemiaienibiitteetisiancssie % 5.4 


Apple (Gravenstein).... « 3.6 
TNS CPI ae cssccecenescncescssatccveresosccnseveccseces: OOO 


i ATTRACT 
I Nisin tiiecsciasecestsstasssivesnenvsouctennceccvncsenvess: OOD 


Sunsweet prune concentrate (diluted to 

21° Brix and sucrose added to 35° Brix) 
Sunsweet prune concentrate (diluted to 

21° Brix and sucrose added to 35° Brix) 


String bean + 1 gm. citrie acid per 
100 ¢.¢. juice 
String bean + 1 gm. citric acid per 
Pe I Sri aired tiesnccncesteinistieaininints De 


Pea + 1 gm. citrie acid per 100 ¢.c. juice 
Pea + 1 gm. citric acid per 100 ¢.c. juice 
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fresh prune, and string bean juices also fermented very rapidly. Apple 
juice fermented the most slowly of the eighteen juices tested. Grape 
juices were intermediate in rate of fermentation, the Ribier ferment- 
ing the most rapidly and the Ladyfinger juice the least rapidly of 
the four tested. 


Tomato juice attained the highest aleohol content, 15.1 per cent; 
orange, peach, pineapple, fresh prune, pea, and two varieties of grape 
juice attained more than 13 per cent alcohol. It must be remembered 
that the fermentations in this particular experiment were conducted 
i.e., without syruping during fermen- 


%? 


by ‘‘straight fermentation, 
tation. 

In another experiment six different sweetened juices were fer- 
mented by the ‘‘syruped-fermentation’’ method, the syruping being 


TABLE 3 
Effect of Variety of Juice on Alcohol Yield, Using Syruping 
Method of Fermentation 








Alcohol Average Fermentation 


Variety by volume alcohol period 





pet. pet. 
Grapefruit... i ee 17.8 28 days 
Grapefruit - 17.8 28 days 


Loganberry 5. J 28 days 
Loganberry e 5. 28 days 


Orange.... s | * 29 days 
Orange ‘ 29 days 


California Gravenstein apple . 3 months 
Oregon Spitzenberg apple 2 3 months 


Washington Spitzenberg apple ‘ 13.6 3 months 





done at 5 to 10° Brix several times during the course of the fermenta- 
tion by addition of the respective juices sweetened to 70° Brix with 
cane sugar (Table 3). Grapefruit attained the highest alcohol content, 
17.8 per cent, loganberry 15.8, and orange 16.9 per cent. The three 
apple juices fermented very slowly and attained a much lower final 
aleohol content (12.2 to 13.6 per cent). 

In presenting these data we wish merely to call attention to the 
well-proven fact that juices from various fruits and vegetables vary 
greatly in respect to their suitability for production of high alcohol 
content. 

EFFECT OF METHOD OF ADDING SUGAR 

The comparative value of pure sugars and of concentrated juice 

for use in syruping during fermentation is important in this case. 
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Cane sugar, cerelose (commercial dextrose), grape concentrate, fresh 
white grape concentrate, and grape juice, the last sweetened to 70° 
Brix with cane sugar, were compared by adding them to respective lots 
of fermenting grape juice, in duplicate, when the Brix degree had 
decreased from the original 20° Brix to about 5° Brix. Sufficient of 
each was added to increase the density 10° Brix at each syruping. 
Champagne yeast was used. Fermentation was conducted at room 
temperature for from 29 to 35 days. 

The data show that white grape concentrate gave the highest 
aleohol content (Table 4). One of the grape concentrates (red) was 
four years old, while the white was freshly prepared. Evidently the 
old red concentrate was less suitable. 


TABLE 4 


Comparison of Various Sources of Sugar for Use in Syruping 








Alcohol Alcohol after Fermenta- 


Material added at syruping by volume fermentation? tion period 





pet. days 
Untreated juice—no sugar i 9.95 30 
Untreated juice—no sugar i 30 


Sucrose aoe aoe BO 5.75 34 
Sucrose 5. 5.75 34 








Dextrose (Cerelose) 5. 5.28 34 
Dextrose (Cerelose) J 5.2% 34 


Old red grape concentrate... 5. J 29 
Old red grape concentrate 


Fresh white grape concentrate. ; .0: 34 
Fresh white grape concentrate , .0! 34 


Grape juice sweetened to 70° Brix 
Grape juice sweetened to 70° Brix 5. 15.1 36 





1 Averages of duplicate portions. 


Another point of importance is the number of additions of syrup 
and their relative volume. In an experiment designed to shed light on 
this problem five lots of juice in duplicate, fermenting with the Tokay 
strain of Saccharomyces ellipsoideus, were syruped as indicated (Table 
5) when the Brix degree had decreased to about 5° in most instances. 
Considerably higher alcohol was attained by several small additions 
than by a single large addition of concentrate; the best result being 
given by five additions, which increased the density 5° Brix at each ad- 
dition. This result might have been predicted owing to the fact that the 
smaller additions increased the osmotic effect of the medium less at each 
syruping than do large additions and also provide the necessary yeast 
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stimulant or yeast food at well-spaced intervals, thus maintaining a 
more vigorous culture as well as one that is gradually acclimated to 
increasing osmotic action. 


TABLE 5 
Comparison of Number and Size of Additions of Grape Concentrate 
during Fermentation 








N f Increase in Brix Alcohol by Average alcohol 
dditio. degrees at each volume after after 
additions addition fermentation fermentation 





pet. pet. 
17.6 17.6 
17.6 17.6 


16.9 16.25 
15.6 16.25 
16.0 15.8 
15.6 15.8 


30 15.0 
30 14.1 


40 13.9 
40 13.3 

















SUMMARY 


Studies on the effect of several factors in high alcohol production 


by Saccharomyces ellipsoideus with ‘‘syruped fermentation’’ are pre- 
sented in this paper. Temperature was found to exert a very marked 
effect when 20 to 22° C. (68 to 71.6° F.) was exceeded in the range from 
25 to 37° C. (77 to 98.6° F.) maximum alcohol production decreased pro- 
gressively ; and it decreased at an accelerated pace above 30° C. (86° F.). 
Juices from various fruits and vegetables differed markedly in their 
suitability for this purpose. Grape concentrate was superior to the 
pure sugars for use in ‘‘syruping’’ the fermentation to produce high 
aleohol content. Five small additions of concentrate were superior to 
three anc. to one addition. 
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INTRODUCTION 

There is at present little doubt that omnivorous animals, such as 
swine and rats, store body fat of very similar character to food fat. 
Ruminants apparently do not as directly store dietary fat, although 
cow’s milk will contain relatively large proportions of highly unsatu- 
rated fatty acids when they are present in the ration fed. 

Swine present by far the most important industrial problem in 
relation to type of body fat. ‘‘Soft’’ pork is particularly prominent in 
areas where there is a large acreage of soy beans and peanuts. The 
term ‘‘soft’’ is used to describe body fat which is not firm and contains 
quite high percentages of unsaturated fatty acids. Such pork fat does 
not have the keeping quality of a firm product and is objectionable 
both for processing and cooking purposes. 


Since soy beans are rapidly becoming a crop of great economic 


importance, much research has been carried out by the United States 
Department of Agriculture and many state experiment stations on 
feeding soy beans to swine. Present recommendations from such 
studies are that soy beans cannot be used as more than five to 14 per 
cent of the hog’s ration without very pronounced soft-fat formation. 
There are no practical methods for determining soft pork in the live 
animal by visual or physical inspection. The restricted usage of soy 
beans for swine feeding is not general when this product is readily 
available on the farm. Consequently, further research on satisfactory 
means of utilizing a larger proportion of soy beans and other soft- 
pork-producing feeds would seem essential. 

Numerous investigators have shown that the rat will store body 
fat of very similar characteristics to the ingested food fat. Among 
others, Anderson and Mendel (1928) fed various fats as 60 per cent 
of the caloric value of the diets of white rats. The iodine numbers 
of the diet fats ranged from 132 down to seven. After feeding the rats 
to a given weight, the body fats were extracted and found very much 
like the diet fats, ranging from 122 to 35 in iodine number. Brown 
and Morris (1930) fed 5, 10, and 30 per cent of Menhaden Oil (I. No. 
170) in rat diets. The iodine numbers of the respective body fats were 
82, 94, and 103. Controls had body fat with an iodine number of 73. 
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Similar results were found with hogs. Ellis, Rothwell, and Pool (1931) 
reported that ingested cottonseed oil had a more pronounced softening 
effect on the body fats of rats than on hog fat. Schoenheimer and 
Rittenberg (1935) have used deuterium to trace food fat in mice. 
Results showed that a large part of the food fat is stored in the fat 
depots before utilization. 


PURPOSE OF EXPERIMENTS 

The experiments reported herein were devised to study the com- 
parative effect on rats of rations known to produce varying degrees 
of hard or soft fat in swine. Further studies were made on the use 
of hydrogenated fats of low iodine number in rations of high soy-bean 
and peanut content. It was predicted that such hard fats might off- 


TABLE 1 
Rat Diets for Comparison with Tested Swine Rations 











Ingredients 





Tankage 

Soy beans 

Soy-bean oil meal 
(solvent process) “ie ig — 10 




















Fat content (pet.)...... 4.0 4.4 5.8 | t 4.7 5.2 3.7 





1 Soy beans self-fed (about 10 per cent eaten). 


(Alfalfa 15%, dried skim milk 5%, dried yeast 2%, and mineral mixture 2%, 
were added to each of above diets.) 


set the soft-fat production of the soy-bean and peanut oils. The suc- 
cessful use of the rat as an experimental animal for studying the 
soft-fat problem would increase the realm of test work and also effect 
substantial savings in the cost of such research. 


EXPERIMENTAL PROCEDURE 


The diets formulated for comparison with swine-feeding results, 
reported by Culbertson, Thomas, Beard, and Hammond (1936), and 
the fat content of each diet are listed (Table 1). Alfalfa was added 
to approximate the rape pasture for the hogs. The mineral mixture 
used was that mentioned by the above authors. Preliminary studies 
on rations otherwise exactly like those used in the swine studies in- 
dicated that such were not satisfactory for good rat growth. The dried 
milk and yeast were then used for this purpose. 

Six male white rats, four weeks of age, were placed on each of the 
diets listed (Table 1). After eight weeks’ feeding these animals were 
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sacrificed and all visible intestinal and body fat removed after chill- 
ing the eareass. The comparative gains in weight and food intakes 
for the animals on each diet are averaged (Table 2). These rats 
weighed approximately 200 grams at the end of the feeding period. 

Fat removed within each group was combined and rendered by auto- 
elaving at 15 pounds of steam pressure. Melting points and iodine num- 


TABLE 2 ’ 
Average Weight Gain and Food Intake for Rats on Diets 1 to 7 








Diet } 1 | z | 8 4 | 5 
Average gain (gm.)....| 130 149 152 149 157 
Food intake (gm.)...... 745 761 714° 753 791 








1 Also ate 74 grams of whole soy beans. 


bers were then determined and are listed in comparison with the 
swine results (Table 3). The rats apparently deposited a softer 
fat than did the swine. The general effect of the soy beans was quite 
similar in both types of animals. 

The diets used for the second experimental series designed to 
determine the possible value of adding highly saturated fats to diets 


TABLE 4 
Composition of Diets and Dietary Fat Constants 








Diet No. 
| 11 : 14 
0 0 
0 
Cornstarch | 23 
Corn | 50 





Ingredients 





Pe eka Sciciammas 
Peanuts 


Wheat 10 
Saturated fat No. 1 0 
Saturated fat No. 2..... ) 0 
Dietary fat (pet.)....... 16.9 27.1 38.0 38.7 8.0 








Fat constants 
| eS eene 129.6 86.3 95.0 96.7 79.0 85.2 99.2 
Ee BE tinieicssenstotsieecea a 46.7 47.3 aa 44.4 46.1 | 30.0 
Rs Bi ie cssvececssnnnnntnenee 197.0 196.0 199.0 193.9 194.9 199.2 | 212.2 























1 Liquid at 0°. 


(Dried whole milk powder 10%, brewer’s yeast 3%, cod-liver oil 1%, and 
Osborne and Mendel salts 2% were added to each diet above.) 


containing large amounts of soy beans and peanuts are listed (Table 4). 
The fat content of these diets and constants for the extracted fat are 
also shown. 
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Ground whole soy beans and ground whole peanuts were used 
in the diets. Saturated fat No. 1 had a melting point of 61.7° C. 
(143° F.), iodine number of 7.2, and saponification number 193.8. 
Saturated fat No. 2 had a melting point of 50.6° C. (123° F.), iodine 
number of 40.6, and saponification number 194.5. Diet 8 is thus seen 
to be the soy-bean control and Diet 11 the peanut control. Diet 14, 
corn and wheat, was used as a type which produces a firm body fat. 

Six male white rats, four weeks of age, were used for each diet. 
After eight weeks’ feeding the animals were sacrificed and the fat 
removed and rendered as in the first series. Food intake and weekly 
growth records were kept as before. These animals grew at approxi- 
mately the same rate although the animals on Diet 14 were somewhat 
smaller. Food intakes were comparable. The melting points and 
iodine numbers of the body fats are listed (Table 5). Saponifieation 
numbers showed little variation from those of the diet fats. 


TABLE 5 
Fat Constants on Soy-Bean, Peanut, and Supplementary 
Saturated Fat Feeding 








Body fat from rats on Diet No. 





Constant 


9 | 10 11 12 13 14 





34.2 26.4 32.2 31.4 37.7 
88.6 89.6 89.7 80.4 82.7 | 83.8 











Stock rats fed on wheat, meat, and whole milk powder had body 
fat with a melting point of 32° C. (89.6° F.) and iodine number of 77.6. 
Diet 8, 72 per cent soy beans, is thus seen to have produced a softer 
body fat than either the stock diet or corn control. The 50 per cent 
peanut Diet 11 had a similar effect. The saturated fat supplementation 
had a distinct hardening effect on the body fat, offsetting the softness 
produced by the soy beans and peanuts. Fat utilization was not 
determined. Studies are now in progress using more practical amounts 
of soy beans and peanuts in the ration with saturated-fat additions 
based on the total percentage of dietary fat in the rations. 


CONCLUSIONS 

1. Rats fed on diets known to produce from firm to very soft hog 
carcasses show strikingly parallel body-fat formation. 

2. Saturated fats of high melting point and low iodine number 
tend to offset the effects of soy-bean and peanut oils on the body fat 
of the rat. 

3. Rats are apparently a satisfactory experimental animal to use 
in studying the soft-fat problem. 
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INTRODUCTION 
When milk is unduly exposed to radiation, such as may be obtained 


from sunshine or ultra-violet ares, a flavor referred to as ‘‘activated 


flavor’’ may result, according to Weckel et al. (1934, 1936). The flavor 
in its incipient stage may best be described as ‘‘flat’’ and in advanced 


se 9? 66 


stages of development as ‘‘ burnt, burnt feather,’’ or ‘‘burnt pro- 
tein.’’ The flavor is also sometimes characteristic of that observed in 
mushroom soups or broths, and it may thus be described as ‘‘ mushroom 
flavor.’’ The activated flavor is to be definitely distinguished from 
other flavors, such as tallowy, oxidized, or cardboard flavors, which 
may develop following the action of radiation. A distinguishing char- 
acteristic of the activated flavor is that it may become more noticeable 
wheu the milk is heated to 82.2° C. (180° F.) or better, and subse- 
quently cooled. 

A number of observations have been made concerning the relation 
of constituents of milk to the development of such flavor when exposed 
to radiation from various sources. Hammer and Cordes (1920) and 
Tracy and Ruehe (1931) have observed the flavor in normal milk, 
milk of low fat content, and skim milk in glass bottles when exposed to 
sunshine. The flavor has also been shown by Tracy and Ramsey (1932) 
to develop in cottage cheese curd either within or without glass con- 
tainers when exposed to sunshine. Rohr and Schultz (1927) have 
attributed an abnormal flavor in milk to the effects of radiation on 
proteins. They observed, for example, that ‘‘de-albuminated’’ fats 
had no off-flavor when subsequently irradiated, and that milk could 
be freed of the acquired abnormal flavor by ‘‘de-albuminating’’ it. 
These investigators also observed that while a flavor developed in salad 
oil exposed to radiation, the development of the flavor was retarded 
when the oil was first heated and the proteins coagulated. 

The effect of radiation on various physical and chemical properties 
of proteins has been extensively discussed in a review by Duggar 
(1936) and others. The evidence of flavor in these and other studies 
is of only incidental observation. For example, Bovie (1913), Clark 


* Submitted for publication with the approval of the director of the Wisconsin 
Agricultural Experiment Station. 
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(1925), and Stedman (1926) observed that the irradiation of various 
proteins or their solutions led to the development of ‘‘peculiar’’ or 
‘‘burnt’’ odors. The change in character of the absorption spectra of 
irradiated as compared with non-irradiated protein solutions, protein 
derivatives, and amino acids, as shown by numerous studies, indicates 
that a photochemical effect of significance takes place. 

Ultra-violet radiation is extensively used for increasing the vita- 
min-D potency of milk and milk products. As with improper use of 
heat energy in the pasteurization of milk, improper use of radiation 
may bring about the development of an abnormal flavor. A study 
was made, therefore, of the source of the abnormal activated flavor 
produced in milk by the use of intense or prolonged application of 
radiation similar to that used in antirachitie activation of milk. 





EXPERIMENTAL PROCEDURE 

Three general procedures were followed in ascertaining the rela- 
tionship existing between the constituents of milk and the activated 
flavor: first, the irradiation of various fluid dairy products of differ- 
ent composition, such as milk, cream, skim milk, and buttermilk; 
second, the irradiation of constituents and fractions separated from 
milk, such as butter oil, casein, albumin, whey, and filtrate of whey 
from which the protein had been removed; and third, the separation 
of the constituents and fractions from milk which had been previously 
exposed to the radiation. In each procedure the products were exposed 
to the radiation for a period sufficient to assure the presence or absence 
of the flavor. 

Three sources of radiant energy were used in the experiments: 
the carbon are, the quartz mercury-vapor are, and the cold quartz are. 
Five types of carbon electrodes, the C, B, U, Magnesium, and Sun- 
shine (National Carbon Co.), were employed. The emission values 
of the earbon ares and the Hanovia Chemical Co. quartz merecury- 
vapor are reported by Weckel et al. (1936) were retained and used in 
conducting the experiments. Fifty-cubic-centimeter quantities of the 
fluid materials were exposed to the radiation while contained in eells, 
the inside measure of which was 10.5 em. square and approximately 
1 em. deep. The cells were made either of brass or galvanized iron, 
lined with block tin, and equipped with either a removable pane of 
fused quartz or window glass 12 em. square and 2 and 1.5 mm. thick, 
respectively. The short wave transmission limit of the quartz and 
glass filters was determined by means of a Hilger quartz spectroscope 
employing a sector photometer and hydrogen discharge tube.* 




























* The authors wish to acknowledge the helpful assistance of Dr. R. W Haman 
in determining the transmission properties of the filters. 
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The short wave transmission limit of the quartz was 2000 A°, 
increasing to 90 per cent at 3800 A°; that of the glass was 3100 A°, 
increasing to 90 per cent at 4000 A°. The cells were placed 50 and 
85 em. from the carbon and quartz ares, respectively. The brass cells 
were designed for use on a motor-driven wheel revolving on its short 
axis (Fig. 1) and the iron cells were designed for use on a motor- 
driven oscillating table. 

The flavor of many of the individual or isolated fractions or con- 
stituents is quite unlike the normal flavor of whole milk. The presence 
of the altered flavor in the irradiated fractions or constituents was 
therefore determined by direct taste comparison with portions not 


TABLE 1 


Time Necessary to Produce an Activated Flavor in Milk and Milk Products Exposed 
to Radiation from Various Types of Ultra-Violet Arcs’ 

















Minutes required to produce flavor 
Energy source 
tare) Milk Cream = — 
WF GR isaciiwistinnisanitimeien 11 15 14 oa 
RF I cicvcccisshciadisvioecisiaiuneacnansiniannden 12 16 13 12 
a RNa chescseshinlsicseonceceniatiianeleabiasbianicsaeiial 13 18 14 
I IR iiisictisncicdtennined 30 33 30 
DERN CREDO ocr ccceveccecsscsvescevsonses 30 32 31 
Ce i cicccsiccnesnitinctinscemitessoctions 25 33 25 — 
I PR icccrnrnsinicnnocmnnien 10.5 ones san 11 














1The intensity of radiation of the various arcs used in the experiments was not the 
same, but the intensity of radiation from each arc was maintained during its use by suitable 
control systems. 


exposed to radiation. When the products were solids, the flavor and 
odor tests were conducted after they were combined with water or 
skim milk. 
RESULTS OF EXPERIMENTS 

Irradiation of Milk and Its Products. A comparison of the rate 
of flavor development in milk, cream, skim milk, and buttermilk 
indicates that butter fat as contained in the products is probably not 
a responsible contributor to the activated flavor. The results of one 
such comparison show that the presence of fat does not serve to favor 
development of the flavor (Table 1). The time of development of 
flavor in cream was found to be somewhat greater than for comparable 
treatments of milk, skim milk, and buttermilk. The amount of solids 
not fat in these products is within somewhat narrow limits, ranging 
from approximately 7.3 to 8.9 per cent. The slightly greater time of 
irradiation required before detection of flavor in cream and skim milk 
as compared with whole milk is believed due to the difficulty of quickly 
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Fic. 1. Apparatus in which milk was exposed to radiation from ultra-violet 
lamps. 
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recognizing the flavor in the respective flavor backgrounds of the two 
products. 

Flavor in Milk Fractions and Constituents Exposed to Radiation. 
With the exception of lactose the principal constituents and fractions 
were separated from milk and exposed to radiation from the ultra- 
violet ares. Alpha lactose was obtained from commercial sources. The 
constituents and fractions were exposed to the radiation transmitted 
through either quartz or glass plates. A summary of the exposure 
times and flavor reaction of the various fractions is presented (Table 2). 

The typical activated flavor did not develop in melted and filtered 
butter fat exposed to the radiation transmitted through quartz or 


TABLE 2 


Comparison of Flavors of Milk Constituents Exposed to Radiation’ 
Transmitted through Quartz and Glass 























Duration of | Duration of 
— exposure tu exposure to 
onstituent radiation ‘ radiation , 
nerd transmitted Flavor transmitted Flavor 
fraction through through 
quartz glass 
Min. Min. 
ee 10.5 Activated 150 Slightly 
activated 
I ois caiccsntsnniioniicaticss 50.0 Oily 200 Tallowy 
RN epischniicpnidieibccuiacisucaes 8.0 Activated 400 Normal 
Pe iicisccccrindcninttinieteasd 8.0 Activated 450 Normal 
Casein-free whey................. 12.0 Activated 400 Normal 
Casein and albumin- Trace of 
Se 45.0 activated 420 Normal 
Lactose solution...............06 120.0 a a meee 
I ON  acsscicstintscncivieonnens 11.0 Activated 420 Normal 





1 Radiation provided by means of a quartz mercury burner. 


glass. A typical oily and tallowy flavor did, however, develop. The 
activated flavor was not observed in a ‘‘re-constituted’’ milk consisting 
of the irradiated butter oil emulsified in skim milk. The absence of 
the flavor in the ‘‘milk’’ even after boiling and cooling indicates that 
butter fat is not a responsible source of the activated flavor. 
Repeatedly washed and triturated acid- or rennet-casein prepared 
from skim milk was exposed to the radiation either in relatively dry 
form or in three per cent suspension. A typical activated flavor, 
quickly followed by a burnt flavor and odor, developed in casein 
exposed to radiation transmitted through quartz. When the irradiated 
casein suspension was mixed with either fluid whole milk or skim milk, 
the typical volatile aroma and flavor appeared upon heating and cool- 
ing. The exposure of the prepared casein to the radiation transmitted 
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through glass, even for periods of hours, caused no similar change in 
flavor. 

Lactalbumin was prepared from ecasein-free whey by heat pre- 
cipitation. The rate of flavor development and the property of the 
flavor of an irradiated one per cent solution-suspension duplicated 
essentially those observed for casein. The albumin exposed to the 
radiation transmitted through glass failed to undergo a similar change 
in flavor. 

A typical activated flavor was produced in casein-free whey ob- 
tained in the manufacture of either acid- or rennet-casein. The rate 
of development of flavor in this fraction was slightly less than for a 
suspension of casein or albumin. The flavor did not develop in casein- 
free whey exposed under glass. When irradiated under comparable 
conditions, the flavor was obtained in casein-free whey exposed to 
radiation transmitted through quartz in twelve minutes, while presence 
of the flavor in casein- and albumin-free whey was questionable even 
after an exposure period of forty-five minutes. 


No flavor development was observed in five per cent lactose solu- 
tions irradiated for two hours. 

Flavor in Fractions Separated from Milk Unduly Exposed to 
Radiation. Milk which had been exposed to ultra-violet radiation from 


a carbon are until a definite activated flavor was observed was separated 
into its principal fractions. These were examined to ascertain the 
presence or absence of the flavor. Cream and skim milk separated 
from the whole milk both contained the flavor. When the cream was 
churned the flavor was found in the buttermilk and to a slight degree 
in the butter. When the butter was fractionated into butter oil and 
serum, the flavor was scarcely perceptible in the oil, but was present in 
the serum. It is believed that the flavor observed in the butter and 
butter oil was present by virtue of absorption, since direct irradiation 
of pure butter oil failed to bring about development of the typical 
activated flavor. 

The fractions separated from the skim milk obtained from irradi- 
ated whole milk usually showed evidence of the flavor (Table 3). 
Casein-free whey and whey from which the albumin had been removed 
both possessed significant amounts of the flavor. When the casein and 
albumin separated from milk exposed to radiation were compared, the 
intensity of the flavor in the casein was found to be definitely less 
intense than in the albumin. 

DISCUSSION 

These studies indicate that the commonly described oxidized flavor 

defects which are due to the effect of radiant energy on fat are not 
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similar to the flavor defect observed and described as activated flavor. 
The results show that the activated flavor originates in or is closely 
associated with the protein fraction of milk. The development of the 
flavor in the proteins does not, however, prevent the flavor being pres- 
ent in the fat. The activated flavor of the protein probably is absorbed 
by the fat. 

When separated from milk unduly exposed to radiation, albumin 
possesses a more intense activated flavor than the casein. The quantity 
of albumin in milk is roughly one-third to one-quarter that of casein, 
and the contribution of activated flavor to the total degree of flavor 
observed in the milk exposed to radiation may be approximately the 
same for the two constituents. The presence of the flavor in the fil- 
trates after removal of casein and albumin is believed due to the effect 


TABLE 3 


Intensity of Flavor in Fractions Separated from Whole Milk Exposed to Radiation’ 
until a Definite Activated Flavor Was Produced 








Constituent or fraction Flavor 





Slight activated flavor 
Definite activated flavor 
Slight activated flavor 

Trace of activated flavor 
Definite activated flavor 
Definite activated flavor 
Skim milk Definite activated flavor 
Casein (by rennet) Slight activated flavor 
Casein-free whey Definite activated flavor 
Albumin Very definite activated flavor 





Albumin and easein-free whey Definite activated flavor 





1 Radiation provided by use of carbon a ec. 


of the radiation on the soluble minor proteins and to absorption from 
casein and albumin. 


The experiments show that it is possible, by prolonged irradiation, 
to produce an altered flavor in milk exposed to the radiation trans- 
mitted through glass as well as quartz. It is possible similarly to pro- 
duce the altered flavor in several milk constituents when individually 
exposed to radiation transmitted through quartz but not when the 
radiation is transmitted through glass. It is not clear from the experi- 
ments why this anomaly should occur. It is possible that radiation 
transmitted through glass exerts an effect upon a reactive substance 
in whole milk not represented by any one of the constituents fraction- 
ated and studied. Further, it is possible that the act of separating the 
constituents has altered its susceptibility to the effect of the radiation. 
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INTRODUCTION 


In 1912 when Holst and Frolich reported the discovery of vitamin 
C, they indicated that raw cabbage was a good source of th. ~itamin. 
Since then a number of workers have studied the antiscorbutie potency 
of this vegetable, but the amounts of vitamin C found have differed 
greatly. Since approximately .5 mg. of ascorbie acid per day is required 
for the protection of a 300-gram guinea pig from scurvy, according to 
Waugh and King (1932), the ascorbic-acid content reported varies 
from a minimum of .10 to .20 mg. per gm., noted by Clow, Marlatt, 
Peterson, and Martin (1929), to a maximum of .9 to 1.0 mg. per gm., 
given by Harris and Ray (1933). 


While it is probable that variations in technique may account for 
some of the differences in the results obtained, yet it is also probable 
that cabbage does vary widely in its ascorbic-acid content. In the case 
of spinach and peas it has been found that variety and freshness are 
important factors controlling the vitamin-C content of these vegetables, 
as reported by Tressler, Mack, and King (1936) and Mack, Tressler, 
and King (1936). 


Although it is important to know the vitamin-C content of raw 
cabbage, it is even more important to learn whether or not much of its 
vitamin content is lost during preparation for the table. The vitamin-C 
content of cooked cabbage reported in the literature varies even more 
widely than that given for raw cabbage. Delf (1918) found that cook- 
ing for 20 minutes destroyed about 70 per cent of the vitamin C of the 
cabbage. Eddy, Shelow, Pease, Richer, and Watkins (1923) found 
that open-kettle cooking destroyed nearly 95 per cent of the vitamin C 
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but suggested that this amount might not be completely lost as a 
portion of it may have dissolved in the cooking water. 

Less destruction of vitamin C has been reported by other workers. 
Bukin, Izmailova, and Bogochunaz (1934) indicated a loss of approxi- 
mately 50 per cent in one hour’s cooking. Yarusova (1935) reported 
only a 20 per cent loss; and Vinokurov, Eidelman, and Butom (1935) 
found that less than 10 per cent of this vitamin was destroyed during 
cooking. 


On the other hand, McHenry and Graham (1935) and Halliday and 
Noble (1936) have found that a short cooking period gives an apparent 
increase in the amount of ascorbic acid observable in cabbage by the 
usual 2,6-dichlorophenolindophenol titration procedure. Ahmad (1935) 
and also Guha and Pal (1936) have postulated that cabbage and cer- 
tain other vegetables contain a portion of their ascorbic-acid content 
in the form of an ester or some other chemical compound which is 
decomposed by boiling or by strong acids. 


More recently, Mack (1936) has shown that the increase in titratable 
ascorbic acid obtained by heating the cabbage prior to extraction is only 
apparent and that the effect of the heating is not to hydrolyze an 
ascorbic acid compound but rather to inactivate the oxidizing enzymes 
which otherwise rapidly oxidize the ascorbic acid to the dehydro form. 


He has also shown that an acid solution 1 N with respect to sulfuric 
acid and N/4 with respect to metaphosphorie acid extracts all of the 
ascorbic acid in the reduced form from both raw and cooked cabbage 
because the oxidizing enzymes are substantially inactive at the result- 
ing pH of about 0.8. 

Since there is so little agreement in the literature on the vitamin-C 
content of raw cabbage and the losses which occur during cooking, this 
investigation was undertaken in order to obtain further information 
on the ascorbic-acid content of the more important varieties of cabbage 
and the losses which may oceur during its storage and preparation for 
the table. 


EXPERIMENTAL WORK 


Vitamin-C Determinations: Ascorbie acid was determined by the 
2.6-dichlorophenolindophenol titration method as described by Bessey 
and King (1933) but modified by using for the extraction an acid solu- 
tion 1 N with respect to sulfuric and N/4 with respect to metaphos- 
phorie acid according to Mack, Tressler, and Dearborn (1936). On two 
samples of raw and two samples of cooked cabbage the results of the 
titration method were confirmed by the modified 14-day curative test 
used by Harris and Ray (1932) and Tressler, Mack, and King (1936). 
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Technique Employed mm Cooking: The cooking method was sub- 
stantially that proposed by Halliday and Noble (1933). Three hundred 
and sixty grams of cabbage cut in pieces about 34 inch square, 1,800 
milliliters of water, and two teaspoons of salt were used. The cabbage 
was dropped in the rapidly boiling water and the time of cooking was 
counted from the minute the water came back to the boil (two minutes). 
The results indicate good agreement between the two methods (Table 1). 
The cabbage was boiled and it required six minutes to reach a tender, 
just-done stage. However, cooking was continued another six minutes 
to find out the effect of overcooking on the vitamin-C content. 


In the latter case, samples of 8 to 12 grams were removed at the 
boil at 3, 6, 9, and 12 minutes, the solid and water samples being placed 


TABLE 1 
Biological Assays of Ascorbic Acid in Cabbage 








Feeding 
No. level ce . 
Test food of mg. of Initial Final 

animals} ascorbic wt. wt. 


acid/day 





Glory cabbage, raw 10 0.25 
Glory cabbage, cooked... 0.25 
Vitamin solution 0.25 
Glory cabbage, raw 0.50 378 19 
Glory cabbage, cooked... 0.50 389 33 
Vitamin solution 0.50 402 48 
Vitamin solution 1.00 337 405 68 
Negative control 0.00 364 238 —135 























in 25 ml. of the chilled acid and then analyzed. Each time before the 
samples were removed, the combined cooking water and vegetable were 
weighed. The whole cooking apparatus was placed on a balance during 
the entire cooking period in order to eliminate the necessity of remov- 
ing the pan from the fire during the weighing operation. 


Variety Studies: The ascorbic-acid content of three varieties of 
early and three varieties of late cabbage were studied. All of the 
varieties with the exception of the Peerless were grown on Ontario 
clay loam at Geneva, New York. The last was grown on Irondequoit 
sandy loam at Irondequoit, New York. 


From the data presented it will be noted that the early varieties 
tested possess nearly twice the vitamin-C content of the late varieties 
(Table 2). 

Loss of Ascorbic Acid during Storage: In order to determine the 
rate of loss of vitamin C during storage a number of heads of cabbage 





430 STELLA GOULD AND DONALD K. TRESSLER 


were harvested at optimum maturity. Some of the heads were stored 
at room temperature, 21 to 23° C. (69.8 to 73.4° F.); others at 8 to 
9° C. (46.4 to 48.2° F.); and the remainder at 1 to 3° C. (33.8 to 
37.4° F.). Every two weeks a head of the cabbage was removed from 
each storage and analyzed for ascorbic acid. The results indicate that 


TABLE 2 
Influence of Variety on Ascorbic-Acid Content of Cabbage 








Ascorbic-acid 
Variety Type content of 
fresh cabbage 





mg. per gm. 
Golden Acre Summer 0.55 
Early Copenhagen Summer 0.55 
Peerless Summer 0.56 
Late Copenhagen Market Autumn 0.26 
Autumn 0.30 
Danish Ballhead Autumn 0.30 











there is a slow loss of vitamin C during storage, and that the higher 
the temperature the more rapid the loss (Table 3). 

Losses of Ascorbic Acid during Cooking: Four lots of Glory ecab- 
bage were cooked according to the technique described above. The 


TABLE 3° 
Ascorbic-Acid Content of Glory Cabbage during Storage 


(Milligrams per gram) 








. Number of days’ storage 
Storage 
temperature 0 19 42 56 








Room temp 32 25 of d Spoiled 
8-9° C. (46.4-48.2° F.)....... 32 .26 of out 22 
1-3° C. (33.8-37.4° F.)...... 32 31 a d 24 

















results of the analyses of the samples of cabbage and cooking water are 
presented (Table 4) and the average results of the four cookings are 
indicated graphically (Fig. 1). The proportion of the ascorbic acid 
remaining in the cabbage, dissolved in the cooking water, and the com- 
bined amounts of both (correcting for the amounts removed in sam- 
pling) are indicated by curves (Fig. 2). These data show that approxi- 
mately one-fourth of the total ascorbic acid is destroyed before the 
cooking water begins to boil, and that very little is lost thereafter 
although a considerable proportion of it is dissolved in the cooking 
water. 
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TOTAL ASCORBIC ACID IN CABBAGE AND GOOKING WATER 
fo) oT 
° 


PER GENT OF TOTAL ASCORBIC ACID 


BOILING POINT REACHED 














4 7 
MINUTES OF BOILING 
Fig. 1. Loss of ascorbie acid during cooking of finely cut Glory cabbage. 





MILLIGRAMS PER GRAM 
0.2 





BOILING POINT REACHED 


GOOKING WATER 





i 1 i. 








4 7 
MINUTES OF BOILING 
Fig. 2. Ascorbic-acid content of finely cut Glory cabbage during cooking. 
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Storage of the Cooked Cabbage: In order to determine whether or 
not considerable amounts of vitamin C are lost from cooked cabbage 
during storage in a refrigerator, seven different lots of cooked cab- 
bage were stored under refrigeration and analyzed for dry matter 
and ascorbic acid from time to time. The data indicate that even at low 


TABLE 4 


Ascorbic-Acid Content of Finely Cut Glory Cabbage 
during Cooking 








Wet-weight basis 





Experiment No. 5 6 7 





mg. per gm. 
——— * 
22 .30 
P| 16 
3 min. boiling . .09 13 
6 min. boiling - ; .08 ll 
9 min. boiling j .07 .08 
12 min. boiling d .07 .07 











weight basis 





Experiment No. § 6 7 





mg. per gm, 
SS 


4.0 

At boil 2.1 2.5 
3 min. boiling 2.0 : 2.2 
6 min. boiling 1.7 : 1.8 
9 min. boiling 1.4 a7 
12 min. boiling 1.4 ot 1.8 








per ml.) of cooking water 





Experiment No. 





At boil 00S d d -012 
3 min. boiling .012 .02 01; 015 
6 min. boiling O13 025 .02 .021 
9 min. boiling - O22 0: 02 .027 

12 min. boiling .025 03% 0% .027 





refrigerator temperatures vitamin C is slowly lost from cooked cab- 
bage (Table 5). In twenty-four hours at 1 to 3° C. (33.8 to 37.4° F.) 
approximately one-fourth of the ascorbic acid was lost and in two 
days the loss averaged 50 per cent. Assuming that the oxidative 
enzymes were destroyed by cooking, the catalytic effect of copper or 
hemochromogen-like substances might account for the observed oxida- 
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tion, according to Barron, DeMeio, and Klemperer (1936), even though 
the vitamin is not strictly autoxidizable below a pH of 7. 


TABLE 5 
Percentage of Ascorbic Acid Remaining in Cooked Glory Cabbage* 
after Storage at 1 to 3° C. (33.8 to 37.4° F.) 








. Experiment No. 
Storage 


period ‘ 4 








Hours 
0 100 100 100 100 

1 91 88 94 89 92 97 98 93 

2 81 81 84 86 83 91 93 85 
24 71 72 75 83 75 63 76 74 
48 47 51 60 55 49 51 | 54 52 





























1 Calculated on assumption that the ascorbic-acid content of freshly cooked (boiled 6 min.) 
cabbage is equivalent to 100%. 


SUMMARY AND CONCLUSIONS 


The varieties of cabbage commonly grown for harvesting early 
in the summer are much higher in vitamin C than those usually cut 
late in the autumn for kraut manufacture and winter storage. 

Whole heads of raw cabbage slowly lose vitamin C during storage. 
The rate of loss of ascorbie acid is much higher at ordinary room 
temperatures than when the cabbage is stored under refrigeration. 


During the cooking of cut cabbage a considerable proportion of its 
ascorbic acid is dissolved in the cooking water. Approximately one- 
fourth of its vitamin-C content is lost in the first few minutes of ecook- 
ing. After that the loss is slight . 

Even though cooked cabbage is placed in a very cold refrigerator, 
it slowly loses its ascorbic acid; and et the end of two days’ storage 
approximately only one-half of its vitamin-C content remains. 
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INTRODUCTION 

The vitamin-C content of apples has been shown to vary widely 
among the different varieties. This range in vitamin-C content has 
been reported by Batchelder (1934) in a tabulation of the findings of 
several workers, and by Smith and Fellers (1934) in studies on 21 
varieties of apples. The daily protective dose for a guinea pig varies 
from three to four grams of apple with varieties such as Bramley’s 
Seedling, Baldwin, and Northern Spy to 20 and 25 grams of Delicious, 
Jonathan, and McIntosh apples. 


The following factors have been reported to be without influence 
on the vitamin-C content of the apple: chromosome number, accord- 
ing to Smith and Fellers (1934) and Manville, MeMinis, and Chuinard 
(1936) ; season, according to Smith and Fellers (1934) ; age of tree; 
soil; immaturity of fruit when picked 14 days before the normal time 
of harvesting, noted by Bracewell, Hoyle, and Zilva (1930) ; total 
acidity ; sugar content; and ash content, observed by Wallace and 
Zilva (1933). 

Soil fertilizing has been shown by Potter and Overholser (1933) 
to have an influence on the vitamin-C content of Winesap apples. 
Batchelder and Overholser (1936) have found that apple size as 
affected by the ratio of leaf area to fruit is a factor. A low leaf-fruit 
ratio produced smaller Winesaps, which were higher in vitamin-C 
content weight for weight than larger apples grown on trees having 
a high leaf-fruit ratio. Temperature and length of time in storage 
also showed a definite effect on the vitamin-C content. Delicious 
apples stored at 0° C. (32° F.) were found by Batchelder (1934) 
to evidence no loss of vitamin C over a period of six months; but 
storage at 7.2° C. (45° F.) for three months resulted in a loss of about 
one sixth of the original vitamin content, and a loss of one fourth 
during storage for six months at that temperature. Fellers, Cleveland, 
and Clague (1933), using Baldwin apples, found that one fifth of the 
original vitamin-C content was lost during storage for four to six 
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months at 2.2° C. (36° F.) and that there was a loss of approximately 
one third during eight to ten months’ storage. 

It is possible that varieties of apples may differ in their resistance 
to vitamin-C losses during storage; therefore, further storage studies 
are reported here. These investigations are also a continuation of the 
earlier work in this laboratory on varietal differences and other factors 
that may influence the amount of ascorbic acid in apples. 


Studies were made of the vitamin-C content of apples as follows: 
(a) the influence of duration and temperature of storage on Delicious 
and Richared (a mutation of the Delicious) apples; (b) varietal dif- 
ferences as found in the Richared, Golden Delicious, Yellow New- 
town, and Rome Beauty apples; and (¢) a comparison of apples with 
peel and flesh and of apple flesh only. 


EXPERIMENTAL PROCEDURE 

Animal-feeding experiments were used to determine the ascorbic- 
acid content of all varieties of apples studied in this experiment and a 
comparison was made with the dye-titration method for four varieties. 

For the animal-feeding experiments the method of Sherman, La 
Mer, and Campbell (1922) was used with modification. Young, ac- 
tively growing guinea pigs weighing 250 to 300 grams received the 
Sherman basal diet modified by the addition of cod-liver oil and yeast, 
with Crisco replacing the butterfat. The experimental period was 56 
days. Animals were caged individually and records of growth and 
food consumption were made three times a week. At death or at the 
end of the experimental period animals were autopsied and given a 
‘‘seurvy score’’ ranging from 0 to 24, based on the extent of hemor- 
rhage in the tissues and degree of change in tooth and bone structure. 
In each experimental series three or more animals served as negative 
controls receiving basal diet only ; a similar number served as positive 
controls receiving 1 ¢.c. or 1.5 ¢.¢c. daily of fresh, filtered lemon juice, 
measured by pipette and delivered directly into the mouth of the 
animal. The remaining animals received various levels of apple fed 
daily (6 days a week) as a supplement to the basal diet. At least three 
levels of each apple variety were fed and from three to seven animals 
were fed at each level. 

All the apples used in these studies were obtained through the 
courtesy of Dr. E. L. Overholser of the Division of Horticulture of 
the Agricultural Experiment Station, State College of Washington, 
and were grown in that state. Before feeding, the fruit that had been 
washed to remove spray residue was quartered and cored and radial 
sections which retained the natural proportions of peel and flesh were 
cut and weighed. In the studies comparing apple flesh and skin with 
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apple flesh only, the peel was removed thinly. In general, the animals 
ate the apple immediately after it was put in the cage but on the 
higher levels of supplement this was not always true. In these cases 
there was the possibility of loss of vitamin C owing to oxidative changes 
before all the apple was eaten. 

Dye titrations were made according to the method of Bessey and 
King (1933) using 2,6-dichlorophenolindophenol solution made up 
fresh every three days and standardized against .01N iodine solution 
and lemon juice each time before using. Owing to the red pigmenta- 
tion of the skin of many apple varieties an extract of the juice could 
not be titrated directly. In these cases the color was removed, using 
mercurie acetate according to the method of Emmerie and Van Eekelen 
(1934). The mereurie acetate reversibly oxidized the ascorbic acid 
present and the extract was then treated with hydrogen sulphide gas, 
the excess of which was removed by carbon dioxide gas. Lemon juice 
and known solutions of ascorbic acid treated according to this pro- 
cedure showed complete recovery of the ascorbie acid. 

Acknowledgment is made to Betty Lee Sparling for assistance with 
the dye titrations. 

RESULTS AND DISCUSSION 

All experimental results are expressed in International units ob- 
tained by direct comparison of the animals receiving apple with 
those animals receiving lemon juice and serving as controls for each 
series (Tables 1 and 2). One-tenth e.c. of lemon juice was taken as 
the equivalent of one International unit and this amount of lemon 
juice was shown by our titrations to be equivalent to .05 mg. ascorbic 
acid. The direct comparison with the positive controls which received 
lemon juice is believed to give a more consistent interpretation of 
results than is obtainable by finding the ‘‘minimum protective dose.’’ 
Since the vitamin-C content is expressed in terms of International 
units, this method also permits direct comparison of results from 
different laboratories and eliminates variations in ‘‘seurvy scoring”’ 
by individual workers. 

The results from negative control animals of all experiments were 
averaged and show a survival of 27 days with a seurvy score of 15 
(Table 1). Animals receiving 1 ¢.c. of lemon juice daily showed an 
average scurvy score of 7, though in some series the average score 
was considerably lower than this. However, at no time was complete 
protection obtained at this level; lemon juice at a level of 1.5 c.e. 
daily just protected from scurvy. 

All the animals receiving apple showed increasing protection from 
scurvy with higher levels of feeding; in almost all cases body weight 
increased with the amount of apple fed. 
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TABLE 1 


Vitamin-C Content of Apple Varieties as Determined 
by Animal-Feeding Experiments 








Inter- 
national 
Average units 


° Pav scurvy per 
animals a score gram 


- of 
period apple’ 


Average 
Number weight 
fed 


Supplement fed gain 





gm. 

Negative controls -129 15 (survival 
27 days) 

Lemon juice 2 2.¢. 89 

193 





Apples: 
Delicious, stored 12 months at 
7.2° ©. (45° F.), peel and flesh.... 


Richared (fresh), peel and flesh... 


Stored 5 months at 7.2° C. 


bow 


gk 5 SORES EORRAS ERS ener 


Stored 9 months at 0° C. 
oe ae Ts, 


Golden Delicious (fresh) 
Peel and flesh 


Flesh only 


Yellow Newtown, stored 5 months 
at 7.2° C. (45° F.) 
Peel and flesh 


Flesh only 


Rome Beauty, stored 5 months 
at 7.2° C, (45° F.) 
Peel and flesh 


Flesh only 


Winesap, stored 5 months 
at 7.2° C. (45° P.) 

Peel and flesh 68 
144 d 1.00 




















: 1 Obtained by direct comparison with animals of the same experimental group receiving 
emon juice. 
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Influence of Storage Time and Temperature: Delicious apples 
stored for 12 months at 7.2° C. (45° F.) failed to give complete pro- 
tection from scurvy when fed at a level of 40 grams daily per animal. 
No greater quantity of supplement was fed, as this is the maximum 
amonuut that a guinea pig can eat daily while at the same time con- 
suming an adequate amount of basal diet. Studies by Batchelder 
(1934) the previous year on Delicious apples from the same sample 
when freshly harvested showed 25 grams daily to be a protective 
dose. There is thus a loss of approximately 50 per cent of the ascorbic- 
acid content of this apple variety when stored 12 months at 7.2° C. 

TABLE 2 


Comparison of Ascorbie-Acid Content of Apples 
by Feeding Experiments and Dye Titration 








Ascorbic-acid content 





Apple variety Animal Dye 
experiment titration 





mg. per gm. mg. per gm. 


Golden Delicious (fresh) 
Peel and flesh .050 .040 (11)? 
Flesh only. .025 .017 (6) 


Yellow Newtown, stored 5 months at 7.2° C. (45° F.) 
Peel and flesh d .050 (42) 
Flesh only . .028 (39) 


Rome Beauty, stored 5 months at 7.2° C. (45° F.) 
Peel and flesh j .027 (8) 
Flesh only ; .015 (8) 


Winesap, stored 5 months at 7.2° C. (45° F.) 
Peel and flesh : .027 (8) 
Flesh only .015 (7) 


Lemon juice 49 (59) 














1 Figures in brackets show the number of determinations made. 


(45° F.). It is of interest to note here that the normal physiological 
processes of the apple that had continued during storage and which 
had carried it beyond the stage suitable for eating, rendering it mealy 


9 


and somewhat withered, had not entirely ‘‘used up’’ all the ascorbie 
acid originally present in the fresh fruit. 

Richared apples in the fresh state showed a vitamin-C value com- 
parable to the fresh Delicious, 25 grams daily giving protection from 
scurvy. After five months’ storage at 7.2° C. (45° F.) there was a 
loss of about one sixth of this value; under the same conditions Deli- 


cious apples were observed by Batchelder (1934) to lose one fourth 
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of their vitamin C. Storage of the Richared for nine months at 0° C. 
(32° F.) resulted in a loss of approximately one sixth of the original 
vitamin C. From these results it is observed that storage at 0° C. 
(32° F.) permits comparatively slight losses in vitamin C even over a 
long period of time, while storage at 7.2° C. (45° F.) for three to six 
months results in a loss that is apparently dependent on the apple 
variety. 

Varietal Differences: The Richared, which is a mutation of the 
Delicious, showed the same approximate vitamin-C value indicated in 
earlier studies py Batchelder (1934) with Delicious apples, 25 grams 
being necessary for protection. The factor which resulted in this 
mutation has apparently not influenced the vitamin-C content. 

Golden Delicious, Yellow Newtown, Rome Beauty, and Winesap 
apples show values almost twice as high as those of the Richared and 
Delicious. Probably the Yellow Newtown, Rome Beauty, and Winesap 
would be of even higher value in the fresh state since the studies here 
recorded, owing to unavoidable cold-storage conditions, were made on 
fruit that had been stored for five months at 7.2° C. (45° F.) instead 
of at 0° C. (32° F.). Studies in previous years on Winesap in the 
fresh state have shown 10 grams daily to be protective, so that, assum- 
ing no difference due to season as shown by Smith and Fellers (1934), 
there was probably a loss of one third of the original vitamin C in the 
Winesaps examined. It is, therefore, prohable that fresh Yellow New- 
town, Rome Beauty, and Winesap apples have the same ascorbic-acid 
content of .075 mg. per gram or 1.5 International units per gram. 

Apple Flesh and Skin and Pared Apples: Direet comparison of 
pared and unpared apples indicates a marked concentration of vitamin 
C in the skin, since the apple flesh and skin showed one unit per gram 
and the flesh without the skin only .5 unit per gram for Golden Deli- 
cious. The Yellow Newtown variety showed one unit per gram of 
flesh and skin and .75 unit per gram of flesh only, and the Rome Beauty 
one unit per gram of flesh and skin and .6 unit per gram of apple 
flesh only, or from one half to three fourths as much ascorbie acid 
in the apple flesh as in the same weight of flesh and skin. This is not 
in agreement with the findings of Manville and associates (1936) who 
report no decrease in the amount of vitamin C in the apple supple- 
ment after careful removal of the peel of the apple. Our findings, 
however, confirm the work of Fellers, Isham, and Smith (1932) who 
report that the vitamin-C content of the epidermis of Baldwin apples 
is about four times as high as that of the flesh immediately beneath it 
and six to ten times as high as the flesh near the core. They found 
the epidermis of the McIntosh apple likewise notably richer in vitamin 
C than the flesh itself. Bracewell and associates (1931) report that 
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the peel of the Bramley’s Seedling apple is six times richer in vitamin 
C than the inner flesh. 

Dye Titration: Results obtained by the dye titration are compared 
with those obtained from the animal experiments which are interpreted 
in terms of International units from the lemon juice equivalents 
(Table 2). For the apple flesh and skin Golden Delicious and Yellow 
Newtown are seen to show good agreement in ascorbic-acid content as 
determined by the two methods, but the Winesap and Rome Beauty 
show considerably less ascorbic acid by the dye-titration method. The 
reason for this is not at present clear. In all varieties studied the 
vitamin-C values of the apple flesh as determined by titration are 
considerably lower than the animal studies indicate. Zilva (1934) 
reported that Bramley’s Seedling apples contain an enzyme capable 
of reversibly oxidizing vitamin C without affecting its antiscorbutic 
activity. This is a possible explanation of the low ascorbic-acid values 
obtained for apple fiesh by the titration method since the apple-flesh 
extracts were titrated directly, and thus reversibly oxidized ascorbic 
acid was not measured. The extracts of the apple flesh and skin, how- 
ever, were treated with mercuric acetate, which removed interfering 
pigments, and then with hydrogen sulphide to reduce any ascorbic 
acid which had been reversibly oxidized by the mercuric acetate and 
by any enzyme activity. 


SUMMARY 


The ascorbic-acid content of several varieties of western-grown 
apples under varying conditions of storage has been determined by 
animal-feeding experiments and by the dye-titration method. A com- 
parison of the vitamin-C content of pared and unpared apples of 
several varieties was also made. 

Variety appears to be the chief factor influencing ascorbic-acid 
content of fresh apples. Winesap, Rome Beauty, and Yellow Newtown 
apples are of approximately the same value with 1.5 International 
units per gram. Golden Delicious apples contain one unit per gram 
and Richared apples .5 unit per gram. 

Storage temperatures above 0° C. (32° F.) permit changes in the 
apple and a resulting lowered ascorbic-acid content. 

Delicious apples stored at 7.2° C. (45° F.), however, for 12 months 
still retain some ascorbic acid; but the loss during storage amounts to 
over 50 per cent. 

Apples after peeling have only one half to three fourths the 
ascorbic-acid content of the same weight of unpeeled apple. 

The dye-titration method for determination of ascorbic acid gives 
results in fair agreement with those obtained by animal-feeding experi- 
ments on the unpeeled apple but much lower on the apple flesh. 
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INTRODUCTION 

The United States Bureau of Agricultural Economies reported 
(1936) that 177,994,485 pounds of meat-animal livers were produced 
in the federally inspected packing houses of this country during 1935. 
Of this total 87,936,140 pounds were beef livers, 59,048,670 pounds 
were hog livers, 16,118,775 pounds were calf livers, and 14,890,900 
pounds were sheep and lamb livers. When the 1935 figures were com- 
pared with the average annual consumption for the fourteen years 
previous (1921-1934 inclusive) the hog-liver consumption was 43 per 
cent lower, the beef was four per cent higher, the calf was 25 per 
cent higher, and the sheep and lamb was 40 per cent higher. The 
increased consumption of liver during recent years has been due in 
part at least to the attention that has been given to liver, principally 
calves’ liver, for the treatment of pernicious anemia. While liver is 
almost a specific for this dreaded disease it is also a valuable source 
of minerals, protein of high biological value, and vitamins, principally 
vitamin A. In fact it is generally agreed that the liver contains nearly 
all the vitamin A present in the animal body. 

More than ten years ago Sherman and Boynton (1925) reported 
that approximately 90 per cent of the total vitamin A present in the 
body was found in the liver; or in other words, the liver contained 
from 200 to 400 times the amount of vitamin A that was found in 
muscle tissue. Quite recently Baumann, Riising, and Steenbock (1934) 
found that 95 per cent of the total vitamin-A store of rats is present 
in the liver. It is quite evident from these observations that meat- 
animal livers contribute materially to the vitamin-A intake of the 
American people. However, a review of the literature revealed little 
quantitative data concerning the amount of vitamin A supplied to 
the American dietary from this source. Accordingly it was decided 
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to make a study of the vitamin-A potency of livers from common 
types of food animals. 

For the purpose of this study beef, hog, calf, and lamb livers were 
obtained from packing houses and local markets. The livers were col- 
lected during the winter season, namely from September to April 
inclusive. In order to eliminate possible vitamin-A loss during storage 
of livers, however, the majority of the livers studied were obtained 
from the packing house at the time the animals were slaughtered. The 
livers were then transferred promptly to the laboratory and im- 
mediately assayed for their vitamin-A potency. It was assumed that 
the livers obtained from the retail markets represented the type of 
products which the housewife would receive when she ordered liver 
for her family. In order to accumulate some information concerning 
the influence of locality on the vitamin-A potency of meat-animal 
livers, some of the livers were obtained from packing houses which 
handle western beef, hogs, and lambs; and other livers were obtained 
from packing houses which deal largely in animals raised in New 
England. While definite information was not always obtainable, 
it is assumed that practically all the calf livers were from animals 
produced in New England. 


EXPERIMENTAL PROCEDURE 


The vitamin-A content of the livers was determined by the anti- 
mony-trichloride-colorimetrie method. The same laboratory procedure 
was followed as in studies by Holmes, Tripp, and Campbell (1936b) 
of the vitamin-A reserve of embryo, baby and growing chicks, and 
mature hens. This procedure was essentially the Carr-Price (1926) 
antimony-trichloride-colorimetrie method as modified by Dyer and 
Wokes (1930). Since Dyer and Wokes found that readings taken at 
60 and 90 seconds after the sample is prepared vary only about five 
per cent from readings made at 30 seconds, the latter were used in 
this study. 

The livers were prepared for vitamin-A assay by the method 
suggested by Torrance (1933) which, in brief, consisted of grinding 
the fresh liver with an equal weight of anhydrous sodium sulphate. 
A portion of this mixture was extracted eight hours with anhydrous 
ether and the fat percentage determined. The remainder of the sodium 
sulphate-liver mixture was extracted with cold anhydrous ether. The 
ether was distilled off and the resulting fat was covered with an at- 
mosphere of nitrogen. An aliquot portion of this fat was dissolved in 
chloroform and its vitamin-A content determined by the Dyer and 
Wokes procedure. The essential data for interpreting the results of 
the vitamin-A assay of the beef, hog, calf, and lamb livers are re- 
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ported (Tables 1, 2, 3, and 4, respectively). The information given 
concerns the liver number, month in which it was collected, its source, 
weight, and vitamin content, also the number of Lovibond Blue units 
contained per gram of fat and per gram of liver. Biological assays of a 
limited number of the livers under consideration were made by the 
U.S.P. method (1936). Unfortunately, owing to the expense and time 
necessitated by the U.S.P. method for vitamin-A assay, it was im- 
possible to conduct biological assays for the entire group of 46 livers 
studied. Accordingly biological assays were made on the beef, hog, 
calf, and lamb livers showing a low and also a high Lovibond Biue 
unit value per gram of liver. 


BEEF LIVER 


The beef livers were obtained from animals shipped into the Boston 
market during the period from October to March inclusive. The 


TABLE 1 
Vitamin-A Content of Beef Liver 








U.S.P. | U.S.P. 

















— a. Source | Weight| Fat 1 —- — = 
gms. pet. per gm. | pergm. | per gm. | per gm. 

, eno October B 3,859 | 6.02 | 5,319 320 6,000 361 
Decesccemeensvooned October B 4,086 | 4.24 | 1,700 72 3,000 127 
Wi cicscicumaenien October B 4,994 | 4.61 | 8,330 a aeons eee 
Divicicwicsionel October B 5,448 | 6.25 1,700 Pe 8 mm 2 om 4 
_ ere ae November B 6,810 | 4.65 | 5,000 233 9,000 418 
_ renee November B 3,632 | 4.69 | 2,778 ee 2 mnie 2 tem 
_ Ree January N 5,450 | 6.31 7,576 a ae eee 
Rusia January O* | 4,540] 4.72 | 5,102 ee 
ae February N 6,800 | 7.06 7,353 Oe. 0 ines Es 
ESR on eee March O* | 4,310] 4.32 347 if Bes a 
Diitecntnaenn March O* | 4,540] 4.69 | 5,952 i eons meee 
GED S.8 snctaevns me 4,952 | 5.23 4,651 ££ Ps oe 

















1 Retail market. 


weight of the livers varied from 3,632 to 6,810 grams, the average for 
the 11 livers being 4,952 grams (Table 1). Swett, Graves, and Miller 
(1928) and Burmeister (1936) estimate that the liver of beef animals 
constitutes about one per cent of the body weight. Hence, the beef 
livers which were used in this study came from animals that weighed 
from 800 to 1,500 pounds. These weights would normally indicate 
animals of from two to three years of age. The fat content of the 
livers varied from 4.24 to 7.06 per cent, the average being 5.23 per 
cent. The value, 5.23 per cent for beef animals, is only one-half of 
10.39 per cent, which was obtained for the calf livers studied. The 
relation between the increase in the age of the animal and the decrease 
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in the fat content of the livers is somewhat similar to the decrease 
reported by Holmes, Tripp, and Campbell (1936a) for growing 
chicks. They found 18.8 per cent of fat in the livers of one-day-old 
Rhode Island Red and Barred Plymouth Rock chicks and 3.61 to 4.93 
per cent in livers of eight-weeks-old chicks. Without doubt the 
variation in fat content of the liver paralleled the amount of adipose 
tissue accumulated by the 11 animals which produced the livers under 
consideration. This variation in fat content of liver also indicates 
a variation in the energy value of the rations consumed by the animals 
and a variation of individual capacity for storing energy in the form 
of adipose tissue. 

The vitamin-A potency of the beef-liver fats varied from 347 
Lovibond Blue units per gram of fat from liver No. 11 to 8,330 units 
from liver No. 3. The vitamin-A content of the beef livers varied 
from 15 Lovibond Blue units per gram of liver No. 11 to 519 units 
of liver No. 9. The average values obtained for the 11 beef livers were 
4,651 Lovibond Blue units per gram of liver fat and 252 units per 
gram of liver. Moore (1932) obtained 25 Lovibond Blue units and 
300 units, respectively, per gram of liver fat for three-year-old 
Hereford and Black Angus oxen and 30 units for a four-year-old 
Devon ox, all of which had subsisted on grass. He also obtained 230 
units, 30 units, and 350 Lovibond Blue units, respectively, per gram 


of liver fat for three Jerseys, i.e., a seven-year-old bull which had 


ce 


received ‘‘store’’ feed, a seven-year-old cow fed grass, and a second 
cow of unknown age and ration. 

Ender (1934) reported that the vitamin-A content of a cow’s 
liver was five times that of an ox. Guilbert and Hart (1934) found 
the vitamin-A potency of livers from four crossbred, Hereford and 
Shorthorn steers 12 to 19 months old, which had received an abun- 
dance of green fodder, was 500 Lovibond Blue units, 500 units, 500 
units, and 830 units per gram of liver. They also obtained from 80 
Lovibond Blue units to 1,000 units per gram of liver for ten range 
cows which had received vitamin-A deficient rations as compared with 
4,500 Lovibond Blue units and 5,000 units per gram of liver for two 
dairy cows of the University herd. These results indicate that the 
rations that beef animals receive previous to slaughter greatly influ- 
ence the vitamin-A content of their livers. The vitamin-A content of 
three beef livers was determined biologically by the United States 
Pharmacopoeia method (1936). The results obtained were higher 
than those found by the antimony-trichloride method. They were for 
liver No. 1 361 U.S.P. units per gram of liver and 320 Lovibond Blue 
units, for liver No. 2 127 U.S.P. units and 72 Lovibond Blue units 
per gram of liver, and for liver No. 5 418 U.S.P. units and 233 
Lovibond Blue units. 
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HOG LIVER 

Hog livers were procured at intervals from September to April 
inclusive. The weight of 12 of the livers varied from 972 to 1,480 
grams, the average being 1,260 grams (Table 2). The fat content 
of the livers varied from 3.45 per cent for liver No. 4 to 9.29 for 
liver No. 12, the average being 5.14 per cent. The Lovibond Blue 
units per gram of fat varied from 617 units for the liver which was 
procured from a chain grocery store to 6,667 units for liver No. 12. 
The average for the 13 livers was 3,299 units. The average of Lovibond 
Blue units per gram of liver was 182. The values obtained for the 
percentage of liver fat and the Lovibond Blue units per gram of 


TABLE 2 
Vitamin-A Content of Hog Liver 








= U.S.P. U.S.P. 
Month Source| Weight Fat L.B.U. L.B.U. units units 
collected fat liver fat liver 





gms. pet. per gm. | per gm. | per gm. | per gm. 
1,196 3.67 3,571 131 9,000 330 
1,302 4.21 1,135 48 3,000 
1,180 4.66 2,780 130 
1,098 | 3.45 | 2,562 88 
1,480 4.08 | 5,000 | 204 
972 4.29 1,723 74 
1,384 4.78 4,000 191 
1,256 | 4.80 | 6250 | 300 
1,362 | 5.17 | 1,042 54 
1,475 | 5.86 | 1,515 
1,225 6.56 6,024 
1,190 9.29 6,667 
Unknown| 6.06 617 
Average.. ici 1,260 5.14 3,299 
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fat and per gram of liver indicate that the hog which produced liver 
No. 12 probably was fattened on a ration of high energy value and 
high vitamin-A or carotene content. It would be of interest to know 
whether this hog had access to a rich alfalfa pasture; for Hughes, 


2 


Aubel, and Lienhardt (1928) were to cure avitaminosis A in 
swine, as evidenced by muscular ineo»:dination, abnormal reproduc- 
tion, and death by adding 10 per cent of prime alfalfa leaf meal to 
the basal vitamin-A deficient diet. Furthermore, Hale (1935) found 
that by adding green pasture to the ration of gilts, which were pro- 
ducing pigs with misplaced kidneys, cleft palates, and no eyes, all 
reproduction abnormalities were eliminated. In view of these results 
and the low vitamin-A values obtained for Livers 2, 4, 6, 9, 10, and 13 
as compared with those of Livers 1, 3, 5, 7, 8, 11, and 12 it is very 
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apparent that the variable dietary value of hog livers as a source of 
vitamin A is definitely correlated with the vitamin-A content of hogs’ 
rations before slaughter. The vitamin-A content of three hog livers 
was determined by the biological method. The vitamin potencies were 
for liver No. 1 330 U.S.P. units per gram of liver and 131 Lovibond 
Blue units, for liver No. 2 126 U.S.P. units and 48 Lovibond Blue 
units per gram of liver, for liver No. 5 367 U.S.P. units and 204 Lovi- 
bond Blue units per gram of liver, and for liver No. 8 288 U.S.P. units 
and 300 Lovibond Blue units per gram of liver. 


CALF LIVER 

The calf livers varied in weight from 340 to 1,362 grams (Table 3). 
Apparently the calf from which liver No. 8 was obtained was nearly 
three times as large as the majority of the calves from which the other 


TABLE 3 
Vitamin-A Content of Calf Liver 



































gms. pet. per gm.| pergm.| per gm.| per gm. 
Wis ccccoonveneivs October N 340 17.02 3,519 | 59D | recor | coeeee 
. ere October N 345 11.52 5,443 a ee en 
Dasciscscssetenes October N 568 10.65 | 11,906 |1,268 [15,000 | 1,598 
i sciiscinsseties November N 452 6.19 Se. a aeereen, ee 
escisisennianoes November N 397 6.37 4,850 309 8,250 526 
_ Ee ea November N 456 11.81 8,331 ae eee ee 
. ieereerrren January N 397 11.22 3,850 a eens, Meee 
Dciccccsevsevats January O* | 1,362 8.31 2 Gi Be dpe, Baer 
_ Serene February N 397 14.02 i a a enn, ae 
DD skcctcteseens Mareh N 568 6.22 2,621 a ae 
2 eet Mareh N 454 11.01 2 Oe a ere meer 
pe en = 521 10.39 5,402 2 eee ae 












1 Retail market. 
livers were obtained. The average weight of the 11 livers was 521 
grams but, excluding liver No. 8, the average weight of the remain- 
ing 10 livers was 398 grams. The fat content of the calf livers varied 
from 6.19 to 17.02 per cent. The average fat content of the 11 calf 
livers was 10.39 per cent. The size and the high fat content indicates 
that liver No. 1 was obtained from a young ealf. 

A number of investigators have shown that colostrum contributes 
greatly to the vitamin-A stores of young calves. Drummond and eo- 
workers (1921) found the vitamin-A content of colostrum was much 
higher than that of later milk from the same animals. Dann (1933) 
states that colostrum may contain from 10 to 100 times as much vitamin 
A as later milk, independent of season of the year. Semb, Baumann, 
and Steenbock (1934), in an extended study of Holstein, Brown Swiss, 
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Jersey, Ayrshire, and Guernsey milk, found that the vitamin-A con- 
tent of the colostrum was five to 15 times that of ordinary milk and 
served to build up rapidly the vitamin stores of the young. 

Considering the 11 livers as a group it will be noted that the per- 
centage of fat was smaller for the larger livers than for the smaller 
ones. The number of Lovibond Blue units per gram of fat varied from 
2.562 for liver No. 9 to 11,906 for liver No. 3, the average for the 11 
being 5,402. The number of Lovibond Blue units per gram of liver 
varied from 163 for Liver 10 to 1,268 for Liver 3, the average for the 
11 being 553. Burmeister (1936) found that a calf’s liver represents 
1.5 per cent of the body weight of the calf. On this basis the weights 
of the ealves which produced the livers under consideration were 50, 
50, 83, 66, 58, 67, 58, 200, 58, and 83 pounds. It is obvious from these 
weights that with one exception the livers were from very young calves 
which were receiving a milk ration. 

Accordingly a question naturally arises as to what extent the 
variation in vitamin-A storage shown by the different calf livers is 
due to variation in the vitamin-A content of the milk produced by 
the calves’ mothers. In a study of milk Holmes (1925) found that 
milk from pure-bred Holstein, Ayrshire, Jersey, Dutch Belted, and 
Devon cows existing mainly on New England pastures did not con- 
tain a uniform amount of vitamin A. Somewhat similar results have 
been reported by Moore (1932), who studied milks from Jersey and 
Shorthorn cows; by Hathaway and Davis (1933), who tested Holstein 
and Jersey creams; by Baumann, Steenbock, Beeson, and Rupel 
(1934), who determined the vitamin-A value of Ayrshire, Guernsey, 
Holstein, Jersey, and Brown Swiss milks; and by Watson, Bishop, 
Drummond, Gillam, and Heilbron (1934), who investigated Short- 
horn and Ayrshire milks. Very recently Sutton and Krauss (1936) 
reported that the vitamin-A activity of Holstein and Guernsey butter- 
fats were significantly superior to Ayrshire and Jersey butterfats and 
that ‘‘there are apparently inherent breed characteristics which regu- 
late the degree of transformation of the food source of vitamin A’’ 
in the process of milk-fat formation. 


These observations obviously raise a question concerning possible 
breed differences of the vitamin-A content of livers from milk-fed 
calves. On the other hand Davis and Hathaway (1931); Wilbur, 
Hilton, and Hauge (1933) ; and Booth, Kon, and Gillam (1934) report 
that the vitamin-A content of milk and butter is not influenced by the 
breed of cows producing them. Regardless of the extent to which the 
breed of cows may influence the vitamin-A content of milk, it seems 
to be very definitely established that the vitamin-A intake of calves 
subsisting on milk is greatly influenced by the nature of the ration 
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ingested by the cows producing the milk. Fraps and Treichler (1932) ; 
Gillam, Heilbron, Morton, Bishop, and Drummond (1933); Booth, 
Kon, Dann, and Moore (1933) ; Converse, Wiseman, and Meigs (1934) ; 
and Beeson (1934) found that the vitamin-A content of milk increased 
very rapidly when the cows were transferred from dry or winter 
feed to fresh green *-astures. Watson, Bishop, Drummond, Gillam, 
and Heilbron (1934) and Beeson (1934) report that the addition of 
A.I.V. silage to the winter ration of cows greatly enhances the vitamin- 
A content of their milk; Krauss and Monroe (1934) concluded from 
the vitamin-A content of the butters produced that corn silage was 
richer in vitamin A than alfalfa. Lagrange-Frances (1934) recom- 
mends feeding carrots to cows to increase the vitamin-A content of 
their milk, and Gillam and co-workers (1933) found that artificially 
dried grass added to the normal winter ration of cows materially in- 
creased the vitamin-A content of their milk. 

These investigations show conclusively that the value of livers from 
milk-fed calves, as a source of vitamin A for the human diet, depends 
very considerably upon the quality of the rations of the cows that 
suckle the calves. Only two calf livers were assayed by the biological 
method. Liver 3 had a vitamin-A potency of 1,598 U.S.P. units per 
gram of liver as compared with 1,268 Lovibond Blue units, and Liver 5 
had 526 U.S.P. units and 309 Lovibond Blue units per gram of liver. 


These data indicate that calf livers have a higher vitamin-A content 
than beef, hog, and lamb livers. 


LAMB LIVER 

Ten lamb livers were collected at intervals from September to 
March. The majority of the livers were obtained from lambs shipped 
to the Boston packing house from the West or Midwest. The weight 
of lamb livers varied from 350 to 693 grams; the average for the 10 
livers was 490 grams (Table 4). The fat content of the livers varied 
from 5.01 per cent for liver No. 4 to 14.47 for liver No. 2, the average 
for the 10 being 8.86 per cent. In the absence of definite data it is 
impossible to explain the cause of the high fat content of Livers 2 
and 9. The vitamin-A potency of the liver fat varied from 82 Lovibond 
Blue units per gram of fat for Liver 9 to 5,556 units for Livers 4 
and 6; the average for the 10 was 3,032 units. The vitamin-A content 
per gram of the livers varied from 10 Lovibond Blue units for Liver 9 
to 397 units for Liver 1. 

Burmeister (1936) states that the liver constitutes one per cent of 
the live weight of lambs. On this basis the lambs which produced 
the livers under consideration weighed 153, 112, 118, 103, 83, 77, 87, 
100, 121, and 124 pounds, respectively. It is evident from these data 
that there is no consistent relationship between the size of the lamb 
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or its liver and the vitamin-A content of the liver. For instance, the 
size of lamb or Liver 9 is only slightly greater than lamb or Liver 3, 
yet the vitamin-A potency of Liver 3 is more than 20 times that of 


TABLE 4 


Vitamin-A Content of Lamb Liver 








Month 
collected 


Source} Weight 





September 


gms. 


693 


Fat 


pet. 
7.54 


| L.B.U. 
fat 


per gm, 


5,263 


L.B.U. 
liver 


per gm. 
397 


U.S.P. 


units 
fat 


per gm, 


15,000 


U.S.P. 
units 
liver 

per gm. 


1,131 


509 
535 
468 
375 
350 
397 
454 
550 
565 


490 


14.47 
8.19 
5.01 
9.55 
5.91 
9.78 
6.40 

12.97 
8.75 


8.86 


September 2,000 
2,632 
5,556 
3,846 


5,556 


289 
215 
278 
367 
328 
2,275 222 
1,389 

82 
1,724 
3,032 


September 
October 
October 
October 
January 
January 
March 
March 


89 
10 
151 


235 





Average.. 
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The vitamin-A content of two lamb livers was determined 
by the biological method. The vitamin potencies were for liver No. 1 
1,131 U.S.P. units and 397 Lovibond Blue units per gram of liver, 
for liver No. 3 676 U.S.P. units and 215 Lovibond Blue units. 
Considering the average values obtained for the four types of 
livers studied, it is quite evident that the vitamin-A content of calf 
livers, 533 Lovibond Blue units per gram, was definitely superior to 


Liver 9. 


TABLE 5 


Summary of Liver Vitamin-A Assays 








Number 
of 
samples 


Weight 


L.B.U. 
liver 


U.S.P. 
units 
liver 





Calf... 


11 
13 
11 


gms. 


| 4,952 
1,260' 


| 521 


| 
| 
| 
| 
| 
| 


10.39 


per gm, 
4,651 252 
3,299 


5,402 


per gm, 


182 
533 


per gm, 
302? 
>) 78° 


1,062* 





Lamb 10 490 8.86 3,032 904° 


235 








1 Average of 12, weight of one liver unknown. ? Average of three beef livers. * Average 
of four hog livers. * Average of two calf livers. 5° Average of two lamb livers. 
that of beef, hog, and lamb, which were found to have a vitamin-A 
potency of 252 units, 182 units, and 235 units per gram of liver 
(Table 5). In this connection it is interesting to note that calf liver 
is also considered superior to beef, hog, and lamb livers for the treat- 
ment of pernicious anemia. On the other hand, Devaney and Munsell 
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(1935) found ealf liver inferior to beef, hog, and lamb livers as a 
source of vitamin D. Their respective potencies, per gram of liver, 
were .095 International unit for beef, .46 for hog, .44 for lamb, and 
17 unit for calf liver. 
COOKED BEEF LIVER 

Inasmuch as liver is cooked before it is eaten a question naturally 
arises as to the effect of cooking on the vitamin-A potency of liver. 
Accordingly the vitamin-A potency of beef liver was determined 
before and after cooking. The liver was cut in thin slices and 
pan-fried for ten minutes in a gas-heated, steel skillet. The cooked 
liver was ground with an equal weight of anhydrous sodium sulphate. 
The mixture was extracted with anhydrous ether and the liver fat 
was assayed for vitamin A. Owing to the loss of water from the liver 


TABLE 6 
Effect of Cooking on Vitamin-A Potency of Beef Liver 








L.B.U. L.B.U. U.S.P. units 


Liver No. Fat liver fat liver liver 








6 —Fresh 
6'—Cooked 





pet. 
4.65 
6.61 


4.69 
6.36 





per gm, 
5,000 
5,000 


2,778 
2,564 





per gm. 
233 
331 


130 
163 





per gm. 





1 Pan-fried for ten minutes (no added fat). 


during cooking the vitamin-A potency of the cooked liver was higher 
than that of the fresh liver (Table 6). In the case of liver No. 5 the 
potency was 233 Lovibond Blue units per gram of liver before cook- 
ing and 331 units after cooking. For liver No. 6 the values were 130 
units before cooking and 163 units per gram of liver after cooking. 
The liver fat obtained from the cooked and uncooked liver were bio- 
logically assayed. The vitamin-A potency of liver No. 5 was 418 U.S.P. 
units per gram before cooking and 595 U.S.P. units for the cooked 
liver. Hence, pan-fried liver is a valuable source of vitamin-A for the 
human dietary. 


STORED BEEF LIVER 


Ordinarily liver is not consumed for a number of days after it is 
removed from the animal; hence, it seemed of interest to determine 
the vitamin-A content of stored livers. For this purpose two beef livers 
were stored in the laboratory refrigerator for one week at 8° C. 
(46.4° F.). Samples from these livers were mixed with anhydrous 
sodium sulphate, ground, and extracted as described for the fresh 
livers. The vitamin-A potency of liver No. 5 was 233 Lovibond Blue 
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units per gram of fresh liver and 116 units per gram of stored liver 
(Table 7). The values obtained for liver No. 6 were 130 Lovibond 
Blue units per gram of fresh liver and 113 units per gram of stored 
liver. While the amount of vitamin-A deterioration was not the same 
for both livers, it is quite apparent that storing livers a week at 8° C. 
(46.4° F.) causes a decrease in their vitamin-A content. Hence, when 
purchasing liver one should insist on obtaining it as soon as possible 
after it is removed from the animal. 


TABLE 7 
Effect of Storage on Vitamin-A Potency of Beef Liver 








Liver No. Fat L.B.U. liver fat | L.B.U. liver 





pet. per gm. per gm, 
i eiirictivvenntsnsorcuvissntaceminoecseed 4.65 5,000 233 
5'—Stored 5.00 2,326 116 


6 —Fresh 4.69 2,778 130 
6°—Stored 4.54 2,500 113 











1In refrigerator for one week at 8° C. (46.4° F.). 


SUMMARY AND CONCLUSION 

The vitamin-A content of fresh beef, hog, calf, and lamb livers, 
obtained from local packing houses, was determined by the colorimetric 
method. The average vitamin-A content of 11 beef livers was 252 
Lovibond Blue units per gram of liver, that of 13 hog livers was 182 
units, of 11 calf livers was 533 units, and of 10 lamb livers was 235 
units per gram of liver. Thus it is evident that calf livers, which are 
very generally used in the treatment of pernicious anemia, are superior 
to beef, hog, and lamb livers as a source of vitamin A. From these data 
it is obvious that the 177,994,485 pounds of beef, hog, calf, and lamb 
livers consumed in this country during 1935 contributed greatly to the 
vitamin-A content of the human dietary. 
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INTRODUCTION 


A reliable method for distinguishing between virgin and refined 
olive oils and for quantitatively determining the amount of one in a 
mixture containing both has been the subject of numerous investi- 
gations. 

Except, however, for the development of a few qualitative tests 
by Fachini (1926) and Jamieson (1932) for the detection of solvent 
refined (i.e., carbon disulfide or trichlor-ethylene extracted) oils; 
some limited work on the comparative vitamin-A content of erude 
and refined oils by Javellier and Emerique (1929) and Chevallier and 
Chabre (1933); and the spectroscopic work of Stratta and Mangini 
(1928) ; these investigations have followed a single line of attack, 
namely a study of the behavior of refined and virgin oils under the 
action of ultra-violet light previously filtered through a Wood’s screen. 
The following review of the more comprehensive papers published on 
this method, however, shows that it cannot be considered completely 
reliable. 

A report of the United States Bureau of Standards by Gibson 
(1927) regarding the ultra-violet test indicated that there was con- 
siderable doubt regarding its general applicability; a sample of Cali- 
fornia virgin oil tested at the Bureau had exhibited the bluish fluo- 
rescence supposed to be characteristic of refined oils. The fluorescence 
was not noticeably affected by refining treatments. 

Stratta and Mangini (1928) later reported upon the action of 
Woods light on olive oils exposed in three-millimeter layers having a 
free surface. They stated that the fluorescence exhibited by virgin oils 
varied from lemon yellow to orange, while solvent extracted oils 
exhibited a sky-blue fluorescence, and washed and filtered oils a 
greyish-blue fluorescence. They claimed to be able to detect the pres- 
ence of one per cent of refined oils in a mixture containing 99 per cent 
virgin oil. 

Mareelli (1928) reported results similar to those obtained by 
Stratta and Mangini but pointed out that virgin oils on aging ex- 
hibited a grey-white or lilae color, and attributed the change in fluo- 
rescence color on second and third pressings to the effects of heat and 
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oxidation. This view implied that the basis of the test rested upon 
accidental associated phenomena rather than on any inherent pecu- 
liarity of the pressings. These authors concluded that the test could 
not be regarded as infallible. 

Baud and Cortois (1926), using ultra-violet light of 3650 A wave 
length, stated that virgin oils exhibited a yellow-brown fluorescence 
by reflected light but none by transmitted light. Refined oils exhibited 
a blue fluorescence. They stated that it was doubtful if 10-per cent 
second pressing oil in 90-per cent virgin oil could be detected by the 
method. 

Jamieson (1932) states that Gibson of the U. S. Bureau of Stand- 
ards had noted that greenish virgin oils exhibited a red or orange 
fluorescence, and other virgin oils a yellow fluorescence. 

Glantz (1930) reported that the oil of first pressing—i.e., ‘‘ virgin”’ 
oil—exhibited a pure yellow fluorescence when exposed to ultra-violet 
(Woods) light, in a thin film having an exposed surface; second 
pressing oil gave a yellow-orange fluorescence ; while third and fourth 
pressing oils exhibited a sky-blue fluorescence. Oils obtained by pulp- 
ing and solvent extracted oils likewise exhibited a blue fluorescence. 
He further states that olive oil, refined by any treatment, will exhibit 
a blue fluorescence. He does not quote sufficient data, however, to con- 
firm this statement. The sensitivity of the method was claimed to be 
such that an experienced observer could detect the presence of four 
per cent of refined oil in a mixture containing 96 per cent of virgin 
oil. Glantz pointed out, however, that the addition of chlorophyl and 
carotene to a refined oil would not only cause it to exhibit a yellow 
fluorescence but would also restore the characteristic red band, which 
had earlier been used by Stratta and Mangini as a test for virginity, 
to its spectrum. 

Ciusa (1935) could detect no change in fluorescence with Woods 
light after treating refined oils with five to 10 per cent of carboraffin. 

The work of Vibrans (1931); Holm, Greenbank, and Deysher 
(1927) ; Mattill and Crawford (1930) ; DeConns, Goffredi, and Dragoni 
(1925) ;Banks and Hilditch (1932) ; and Yamaguchi (1930, 1931) who 
have demonstrated the effects of oxidation and refining treatments on 
susceptibility of oils to oxidation, suggested that a test for the anti- 
oxidant content of olive oils might be useful as a means for distinguish- 
ing between refined and non-refined oils. 

The literature on the subject of antioxidants and antioxidant action 
is enormous. Milas (1932) and Moureu and Dufraisse (1920, 1927, 
1926), have proposed general theories regarding the mechanism of pro- 
oxidant and antioxidant action. 
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Studies on antioxidants and their action in vegetable oils have been 
reported by Greenbank and Holm (1930), Hilditch and Sleightholme 
(1933), Yamaguchi (1930, 1931), Banks and Hilditech (1932), Novikov 
(1927), Nakamura (1933), Vibrans (1931), Holm, Greenbank, and 
Deysher (1927), and DeConns, Goffredi, and Dragoni (1925). 


The relation between the time during which a dilute solution of 
methylene blue in an oil exposed to radiation at elevated temperatures 
remained in the colored form and the oxygen absorption ‘‘induction 
period’’ was first pointed out by Greenbank and Holm (1930). The 
methylene-blue test was modified by Royce (1933) who used it as a 
routine test for determining the keeping quality of oils used in the 
salad oil and shortening industries. The induction period is assumed 
to be a measure of the amount of antioxidant present in the oil. 

The simplicity and ease of operation of the methylene-blue test 
suggested its use for the investigations that were to be carried out in 
this laboratory. The essential features of the test were retained, but 
the apparatus was still further simplified. 


EXPERIMENTAL PROCEDURE 

A four-liter Pyrex glass beaker was fitted with a heavy circular 
wooden cover which was treated with several coats of clear Duco 
lacquer. A hole one and three-sixteenths inches in diameter was bored 
at its center, and eight evenly spaced three-fourths-inch holes were 
bored with their centers arranged in a circle approximately two inches 
less in diameter than that of the principal diameter of the beaker. 

A standard light socket, fitted with an extension cord, was slipped 
through the center hole until its lower rim was flush with the under- 
surface of the cover. 

The peripheral holes were fitted with rubber stoppers bored to 
accommodate hard glass test tubes of approximately one-half inch 
internal diameter. 

The beaker was placed on a tripod with a microburner beneath it, 
a 100-watt inside frosted Mazda globe screwed into the socket and the 
cover placed on the beaker. The beaker was then filled with water to 
within one-half inch of the top. 

The water in the beaker was heated to the desired temperature— 
70° C. (158° F.) for most of the tests reported in this paper—and main- 
tained at this temperature to within plus or minus one degree centi- 
grade by adjusting the size of the burner flame. 

Approximately one-half-inch internal diameter hard-glass test tubes 
of uniform diameter, wall thickness, and color were selected for the 
tests. 
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Ten cubic centimeters of the oil to be tested were pipetted into each 
of two of these tubes. To the first was added one c.c. of a fresh .025- 
per cent solution of Colemen and Bell methylene blue in anhydrous, 
aldehyde-free ethyl alcohol. To the second tube was added .75 c.c. 
of this methylene-blue solution. The contents of each tube were 
thoroughly mixed by shaking. The tube containing .75 e.c. of the 
methylene-blue solution was wrapped with paper to exclude light and 
held as a control to indicate when 25-per cent fading of the dye in the 
other tube had occurred. 

The tube containing one c.c. of the methylene-blue solution was 
slipped through the hole in one of the stoppers in the cover until the 
level of the oil in the tube was the same as that of the water in the 
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MINUTES HOURS 

Fig. 1. Methylene-blue induction period of olive oils versus temperature. 
(1) Absence of light. (2) Diffused daylight. (3) 100-watt globe at 15 em. 
beaker. Two minutes were allowed for the oil in the tube to come to 
the temperature of the bath. The light was then turned on, the time 
noted, and the sample observed and frequently stirred until fading 
of the dye could be detected. Then the control tube was slipped into 
place alongside the tube in the bath. The time when the sample tube 
showed the same color intensity as the control tube was noted. 

The time required for 25-per cent fading of the dye in the sample 
tube to occur was arbitrarily chosen as representing the induction 
period of the oil. Since the work was intended to be comparative only, 
there seemed to be no real objection to this procedure. In most cases 
the fading of the dye was sharp. A number of samples could be run 
at the same time with little difficulty. 
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RESULTS OBTAINED 


The work was begun with a brief investigation on the effects of 
temperature and light intensity on the length of the methylene-blue 
induction period. These results show what appears to be nearly a 
straight-line relationship between temperature and induction period 
(Fig. 1). The slope of this curve is a function of light intensity. 

Following this, several California olive oils were refined in this 
laboratory by some common refining treatments; and their induction 


TABLE 1 
Induction Periods of Several California Olive Oils Refined by 
Some Common Refining Treatments 
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periods were determined after treatment, particular attention being 
paid to the effects of commercial decolorizing and deodorizing carbons 
on the induction period. 

The tabulated results clearly indicate that any refining treatment 
mentioned results in a marked reduction in the induction period of 
the oil (Table 1). This fact is of considerable commercial significance 
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in that it must be inferred that the keeping quality of an olive oil is 
markedly impaired by these refining treatments. 


No attempt will be made to explain the apparent discrepancy 
in the effect of certain treatments on Sample 2. That the keeping 
quality of the deacidified and decolorized sample should be greater 
than that of the same oil treated by one method alone is apparently 
contradictory. Similar results in the case of refined cottonseed oils 
have been obtained, however, by Holm, Greenbank, and Deysher 
(1927). 

These preliminary results indicated that, although a virgin oil loses 
much of its natural antioxidant content on refining, there appears to be 
considerable variation both in the amount of antioxidant naturally 
present in virgin oils and in the amount left after refining treatments. 

TABLE 2 
Comparison of the Induction Periods of Some Authentic Oil Samples 
of Known History 
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In order to investigate this point still further the induction periods 
of a number of authentic oil samples of known history were determined 
for comparison. It is apparent that there is a great variation in the 
antioxidant content of virgin oils (Table 2), and that therefore a 
measure of the induction period of an oil is of no value as a criterion 
for virginity. It does suggest, however, that manufacturers of oil 
might profitably blend oils of low natural antioxidant content with 
those of abnormally high antioxidant content to obtain an oil of mod- 
erate keeping quality. 

In the course of these investigations two interesting facts regarding 
the methylene-blue reaction itself were observed. The first was that a 
.013-per cent solution of methylene blue in anhydrous C. P. chloroform 
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was immediately decolorized by all the oil samples listed in the above 
tables, suggesting either that chloroform is a powerful prooxidant for 
olive oil or that the solvent plays an important part in the methylene- 
blue reaction itself. Oils treated with an equal amount of chloroform 
alone showed none of the organoleptic manifestations of rancidity, 
even after standing for some time. 

The second interesting fact observed was that in some instances a 
deep reddish fluorescence in the oil was produced a few minutes after 
the sample was placed in the bath. This fluorescence was produced in 
the case of all virgin oils and in the case of a few refined oils. Mix- 
tures of virgin and refined oils likewise exhibited the phenomenon. 
The fluorescence, when it developed, reached a maximum intensity at 
about 70-per cent reduction of the dye and declined to zero as the dye 
completely decolorized. The work of Biswas and Dhar (1931) and 
Privault (1927) on the behavior of dyes oxidized with hydrogen 
peroxide and on the effect of antioxidants in inhibiting fluorescence, 
respectively, suggest that the reddish fluorescence obtained in this 
case may have been produced by the action of organic peroxides on 
some intermediate in the methylene-blue reduction. 


DISCUSSION OF RESULTS 

It is clear from the results shown (Table 2) that a virgin olive oil, 
under given experimental conditions, may have a methylene-blue 
induction period of from four to 29 minutes. 

These results are consistent with the fact that a virgin olive oil is 
not a unique substance. Eldson (1926), Jamieson (1932), and Cruess 
(1924), although differing slightly in detail, agree that a virgin oil 
is a first pressing oil, in whatever manner the pressure be applied 
or regardless of the percentage of total oil expressed in the first press- 
ing. Clearly then, the distinction between a first, second, or third 
pressing is arbitrary and without significance from a chemical point 
of view. 

SUMMARY AND CONCLUSION 

This work may be briefly summarized as follows: 

To date no infallible test for virgin olive oil has been reported. 

The natural antioxidant content of a non-treated oil, although 
markedly affected by most refining treatments, varies so widely that 
it cannot be used as a basis of a test for virginity. 

It does not appear likely that a substance such as virgin olive oil, 
defined upon a basis of its manner of preparation rather than its 
physical or chemical properties, can te uniquely and quantitatively 
estimated by any physical or chemical test. 
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INTRODUCTION 

The epidemiological and bacteriological findings in an outbreak 
of food poisoning in March, 1935, in which 208 eases and three deaths 
were reported, are the subject of this paper. 

Under ordinary conditions bacterial food poisoning is regarded 
by public-health administrators as little more than a casual public- 
health problem. Sporadic in nature and of entirely unpredictable 
occurrence, outbreaks of food infection do not achieve sufficient recog- 
nition to affect general public-health policy. Accordingly, health 
officers are frequently caught unawares by such outbreaks, with the 
result that the subsequent investigation, if undertaken at all, is often 
lacking in pertinent detail. Moreover, since food infection is still an 
unreportable disease, many cases may fail to evoke any official action, 
even though they usually receive considerable newspaper publicity. 

The general subject of food poisoning has been extensively studied 
by Savage, Jordan, Geiger, Meyer, and others. In this paper we shall 
consider certain special problems suggested by this outbreak, which 
is given in some detail, in which 208 known cases and three deaths were 
reported. It occurred in the northeastern part of Rhode Island during 
the first week of March, 1935, and was due to the ingestion of pastry 
containing a cooked cream filling which had been contaminated with 
Salmonella enteritidis. 

We are indebted to the late Dr. E. O. Jordan for his interest and 
many helpful suggestions regarding the work reported here. Among 
the researches in which he was engaged in the period immediately 
preceding his untimely death, was the uncompleted attempt to identify 
the specific type of the Salmonella enteritidis strain isolated in the 
Rhode Island food-poisoning outbreak. Jordan confirmed our findings 
in regard to biochemical characteristics of the Providence strain but its 
specific type had not been determined. His assistant, M. E. Gordon, 
has continued the study of this strain. 


OUTBREAK IN RHODE ISLAND 

On March 3, 1935, several cases of illness characterized by acute 

gastro-enteritis, were reported to city health authorities by a physician 
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in Woonsocket, Rhode Island. Early on March 4, following a confer- 
ence with the physician who had reported the cases and with the 
city health officer, the cases were interviewed and examined in their 
homes and also at the Woonsocket Hospital, where a few of the more 
seriously ill had been transferred. 

9g Milford, Mass. 














L 
80 
Woonsocket 
Smithfield Central 
2 7, Falls 
th 
~ (2°09 
Pawtucket 
10 
East Prov. 
Warren 
ms 
Cranston 7 if 1 
Ra Fall River 
| / Mass. 
5 
Warwick 
Barrington 


Fig. 1, Path taken in food infection outbreak of March, 1935, through towns 
of eastern Rhode Island and two towns in Massachusetts. 
Legend: Pastry distributed by wagon ee ee ee 
Pastry distributed by bake shops 
Bakery where pastry was prepared @ 





This investigation determined the fact that sudden chill, diarrhea, 
vomiting, fever, abdominal cramps, and prostration—the typical symp- 
toms—appeared from two to 20 hours after the ingestion of a com- 
mercial pastry. Several cases showing an incubation period of 18 hours 














SALMONELLA INFECTION CAUSED BY BAKERY PRODUCTS 467 


gave histories of mild gastro-intestinal symptoms two hours after in- 
gestion. The pastry was the common factor in all cases and, more 
specifically, was restricted to types of the food which contained a cooked 
cream filling. 

Inquiry at the immediate retail source of the suspected pastry 
yielded the information that the food had been manufactured in a 
small bakery in the city of Providence. Within one hour after this 
fact was ascertained the bakery which was suspected of causing the 
outbreak was closed by order of the State Factory Inspector’s Office, 
which at that time had jurisdiction over all food-handling establish- 
ments. (An executive decree has since transferred this function to the 
Department of Public Health.) All the pastries found on the premises 
were confiscated and sent to our laboratories for analysis. 


In the meantime, reports were being received at the State Health 
Department of similar cases of illness in the towns of Barrington and 
Warren, in the city of Pawtucket, and also in Providence. Further 
reports were received from localities adjacent to these communities 
leading to the conclusion that, in geographical extent, the path of 
the outbreak led from Providence to Woonsocket and neighboring 
towns in the north, to the town of Warwick in the south, and to War- 
ren and Barrington to the southeast. These lines of radiation coincided 
precisely with the established routes of certain itinerant vendors of 
bakery products whose common source of supply was the bakery in 
Providence which had already been suspected and closed. Following 
this diseovery, state inspectors obtained unconsumed samples of the 
pastry from homes of victims, bake shops, and wagons along the routes 
indicated in Fig. 1. 

A thorough check-up of the bakery premises was undertaken. The 
bakery proper was located in the rear of a shop in a building which 
had earlier served as a stable but which at present adjoined a private 
garage and was separated from a soap factory by an alley containing 
much human as well as rodent excreta. The rear door opened into a yard 
in which refuse was piled 20 feet away. Inspection of the bakery’s 
interior revealed nothing grossly out of the ordinary, it being typical 
of the average small bakery. 

Two possibilities of the method of contamination suggested them- 
selves: first, employees handling the materials; second, a fault in 
one of the stages in the process of preparation. Examination of the 
stools of employees who had occasion to handle the product or its 
ingredients proved negative for the Salmonella group of organisms. 

Examination of all utensils and containers that were used in the 
bakery likewise yielded negative findings. Similarly, analysis of the 
raw materials that had been used revealed nothing. By elimination, 
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the contamination possibilities were narrowed down to the time interval 
that had elapsed between the preparation of the cream filling in the 
cooked condition and its injection into the pastry shells. Apparently 
the organism had gained entrance while the cream filling was being 
cooled. 

In the process of being cooled this preparation was kept in wooden 
buckets in a corner of the room close by the rear door with the excep- 
tion of a short time during which they were moved to the alley out- 
side this door for the purpose of further cooling. The buckets were 
only partially covered. Several large rat holes led directly into the 
yard from this corner. This little area of the room was further marked 
by accumulations of rat excreta. 

Accordingly traps were set and within 21 days two large brown 
rats (Rattus Norvegicus) were caught in this same corner of the room. 


LABORATORY FINDINGS 

All unsold or uneaten pastry of the batch causing the originally 
reported cases, as well as selected samples from the batch prepared for 
sale March 4, were brought to the laboratory for examination. Speci- 
mens examined also included stools from two of the three men who 
prepared the pastry and cultures from utensils used at the bakery. 
Serological studies were made of the blood obtained from a family of 
six, four of whom had eaten the pastry and become ill. Histopatho- 
logical examinations of material obtained at autopsy from the three 
cases that died were made by the state pathologist, L. A. Round, but 
nothing distinctive was found. 

An organism of the Salmonella group of food-poisoning organisms, 
Salmonella enteritidis, was isolated from numerous specimens of the 
cream-custard-filled pastry, largely in the form of chocolate éclairs; 
from stools of recovering patients; from the organs of two patients 
who died ; and from the colon of a rat trapped in the bakery. 

Salmonella enteritidis, according to the antigenic analysis of White, 
Kauffman (1934) and others, is a large group of organisms. 

To establish a relationship between eases of illness and the organ- 
isms recovered from confiscated bakery products blood specimens for 
agglutination tests were obtained 25 days after the onset from each 
of six people in one family. Four of these had been ill following the 
eating of éclairs from the lot under suspicion. 

Appreciable titre was reached in two eases only. The production in 
patients of specific agglutinins for the Salmonella enteritidis strain eon- 
cerned in this epidemic is shown (Table 2). Two unaffected members of 
the family who were used as controls showed a considerably lower titre. 
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Normal agglutinins for Salmonella enteritidis are rarely encountered 
in serum dilutions greater than 1:20, according to Havens (1935). 

The Salmonella enteritidis organisms isolated from various sources 
listed (Table 1) agreed with each other in their morphological, cul- 
tural, and serological characteristics. Furthermore they also checked 
with strains of Salmonella enteritidis obtained from Massachusetts In- 
stitute of Technology ‘‘Hitchener’’ (Proctor & Dunn), Rhode Island 
State College (Weldin), Connecticut State Department of Health 
(Welch), and organisms from two eases from the same outbreak isolated 
at Rhode Island Hospital and studied by C. A. Stuart of Brown Uni- 
versity. 

Biochemical Reactions: The various strains isolated fermented the 
following sugars with the production of acid and gas within 12 days: 


TABLE 2 


Results of Agglutination of Salmonella enteritidis Strain No. 717, Isolated from 
Eclairs, with Serums of Six Members of a Family, Four of Whom Had Re- 
covered from Illness after Eating Eclairs from Lot under Suspicion 
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dextrose, maltose, mannite, rhamnose, arabinose, dulcite, xylose, sorbite, 
galactose, and trehalose. They did not ferment lactose, sucrose, salicin, 
‘affinose, cellibiose, inosite, adonite, or dextrin. The Voges-Proskauer 
test was negative, methyl red positive, nitrate positive, indol negative, 
gelatine liquefaction negative. Citrate medium showed growth, lit- 
mus milk turned alkaline, lead acetate medium was blackened, glycerol 
fermentation was negative. Krumwiede’s triple sugar slants showed 
acid and gas in the butt and alkaline slant with the exception of two 
strains which remained alkaline throughout the tube and showed no 
gas productions. These two were typical Salmonella enteritidis in all 
other respects including agglutination to high titre. It will be noted 
that inosite was not fermented by the organism being studied. Accord- 
ing to Bergey’s Manual of Determinative Bacteriology (1934), inosite 
is used as the differential carbohydrate to separate Salmonella enter- 
itidis from Salmonella aertrycke and related organisms, the former 
showing no fermentation of this carbohydrate and the latter fermenting 
it with the production of acid and gas. 
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EDGAR J. STAFF AND MORRIS L. GROVER 


Morphology: The organisms were evenly staining gram-negative 
short rods showing occasional long forms. All the organisms were 
motile, though when freshly isolated, were rather sluggish. On eosin- 
methylene blue agar in 48 hours the colonies were clear, raised, and 
glistening, some showing erose and others entire edges. The colonies 
measured from pin-point size to three m.m. in diameter, and by trans- 
mitted light had blue centers with a white periphery and were pale 
biue by reflected light. 

All organisms definitely identified as Salmonella enteritidis in this 
outbreak agglutinated to approximately the same titre, 1 to 1,280 
(Table 3). A number of organisms were isolated which gave identical 
biochemical results but whose serological reactions with commercial 
serums were unconvincing owing to low titre. The latter were listed as 
Salmonella—probabiy Salmonella enteritidis. 

It will be noted that a cross reaction was obtained with Eberthella 
typhosa ‘‘O’’ N. Y., which, according to both the British and the Ger- 
man systems of classification, is a characteristic of Salmonella enter- 
itidis (Table 3). These two organisms have a stable ‘‘O’’ somatie factor 
in common (III British or [IX German) as shown in summaries by 
Lovell (1932), Zinsser (1934), and others. 

The identity of the organisms causing the food poisoning as genus 
Salmonella species enteritidis was verified at the Massachusetts In- 
stitute of Technology Department of Biology and Public Health and 
at the research laboratories of the Connecticut State Department of 
Health. 

DISTRIBUTION OF CASES 

Analysis of the statistics obtained from this outbreak indicates 
that distribution of cases according to sex and age agree with the 
known data for similar outbreaks elsewhere. As expected, females and 
the age group from 10 to 19 years show the greatest incidence, reflect- 
ing the attractions of sweets and like articles of diet among these 
particular groups (Table 4, Fig. 2). 

A ease fatality of 1.4 per cent is computed on the basis of three 
deaths for 208 cases. Although this figure is considerably in excess of 
the average rate of .5 per cent, reported by Geiger (1923), the small 
number of deaths and the special circumstances surrounding two of 
them, one diabetic and one greatly debilitated, deprives this calculation 
of significance. 

Although a few patients reported symptoms as early as two hours 
after eating éclairs, possibly owing to toxie substances already formed 
in the cooked cream filling, the average incubation period was between 
12 and 20 hours. The intervention of several meal-times between the 
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eating of the contaminated food and the first appearance of symptoms, 
as well as the possible inaccuracy of the statements made by the 
patients themselves, rendered it impossible to reach a more exact 
figure. 

Although no definite figures could be attempted, it was believed 
from the evidence at hand that case incidence approximated 98 per 
cent, since that percentage of those partaking of the peecant food came 
down with symptoms. 


SURVEY OF LITERATURE INVOLVING RODENT VECTORS 


A survey of the literature on the subject reveals the following 
outbreaks of Salmonella food infection in which rodents were blamed 


TABLE 4 
Distribution of Cases According to Sex 











Male | Female 
PP ID i scorvcinsecssektestced viesticenisehieonbcees 83 104 (Based on 
Be I asc adtcsnicacesensievoee es nesamstemaasccdeawesnssion 44 56 187 cases) 








as the carriers. Salthe and Krumwiede (1924) report an outbreak in 
which Bacillus pestis caviae was isolated and confirmed by complete 
serological study of agglutinative, antigenic, and absorptive character- 
istics. In addition to the suspected cream filling, Bacillus pestis caviae 
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Fig. 2. Per cert-—age distribution (based on 109 food-poisoning cases), 


was also isolated from six out of 11 stools of patients and from samples 
of rat excreta found on a shelf directly over the point where an uncov- 
ered cooked-cream filling was being cooled. However, in this epidemic a 
bacteriological study of the liver, spleen, intestinal contents, and 
urine of 11 mice caught about the bakery premises proved negative. 

D’Aunoy (1929) reports an institutional outbreak of food infection 
involving 90 cases. Here S. enteritidis was isolated from the common 
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food factor—again a cream filling—and from two out of 10 samples 
of rodent excreta found on shelves and in bins about the plant. In 
addition, organisms culturally and serologically like 8. aertrycke and 
S. enteritidis were recovered from the intestinal tracts of three of a 
group of 15 mice trapped at the plant. Blood from the same mice 
agglutinated S. enteritidis in 1:75 dilutions. 


The most recent such outbreak that has come to our attention 
occurred in England in October of 1935. Jones and Wright (1936) 
reported five cases and one death, all in the same family. Four days 
before death the fatal case, a child of eight months, yielded a heavy 
growth of 8. aertrycke !argely in the ‘‘group’’ phase in a fecal sample. 
At autopsy the same organism was isolated from the stomach, jejunum, 
ileum, ascending colon, rectum, spleen, and heart blood. The serum 
agglutinated Salmonella group suspension in a dilution of 1:640 and 
a 8. aertrycke suspension at 1:320. The stools of the four non-fatal 
cases yielded cultures of S. aertrycke three days after the termination 
of the attacks. Two weeks after the onset the same organism was found 
in the intestinal contents of one of six mice trapped in the home, as 
well as in pellets of mouse feces found in a partly used tin of a dried- 
milk preparation with which the dead child had previously been fed. 

In all of the above outbreaks, including the one in Rhode Island, 
evidence strongly favors rodent excreta as the medium by which 
contamination of the food took place. As opposed to the possibilities 
of contamination being effected by direct contact of the animal with 
the food, the excreta theory permits a greater time range for con- 
tamination to take place. Hogarth (1931), however, claims to have 
isolated from the feet and fur of a wild rat trapped on a dust chute 
Salmonella group organisms in addition to other bacterial groups. 
Moreover, Topley and Ayrton (1923) have shown that mice may 
suffer from typical fatal infection with type strains of 8. aertrycke 
without ever excreting these organisms in their feces in detectable 
numbers. Price-Jones (1927) has demonstrated that survivors of a lab- 
oratory epidemic induced by inoculation with Salmonella (Gaertner) 
ean, even though in apparent good health and excreting stools that 
were persistently negative for the Salmonella group, infect fresh rats 
added to the colony and thus start a new outbreak. In this connection 
it is of interest to recall that Spray (1920), in his work on the carcasses 
of swine dying of enteric diseases, failed in a large number of attempts 
to isolate a single true member of the paratyphoid-enteritidis group 
from the feces or from the lumen of the intestine. Also, Savage (1927) 
and White conclude that, since many rats showed positive agglutinins 
for S. enteritidis, rats are true carriers and not merely intestinal 
shedders. It is well known that insects—especially flies—can act as 
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mechanical carriers between the rodent or his excreta and the food 
vehicle. 

Concerning the prevalence of Salmonella organisms in rodents 
there is available an abundance of experimental information. As early 
as 1912 Bainbridge recognized the rat as an important reservoir of 
Salmonella type bacilli and stressed this fact as an important con- 
sideration in the infection of meat. Macalister and Brooks (1914) in 
Essex County, England, and Meyer and Batchelder (1926) at Oak- 
land, California, found S. enteritidis infection in wild rodents. In the 
first case the findings were incidental to a plague survey ; in the second 
there was a strong possibility that the organism originated from a com- 
mercial virus. In each of three investigations, of rats collected from 
refuse tips, slaughter houses, and a large port, Savage (1932) isolated 
S. enteritidis. In a representative sample of 775 rats taken from the 
scattered rat population of San Francisco, Meyer and Matsumura 
(1927) serologically identified Salmonella from the organs and in- 
testinal contents of 58 of the animals. Of the entire group 3.9 per cent 
were carriers of S. aertrycke and 3.5 per cent, carriers of S. enteritidis. 
Kerrin (1928) found 11 of 100 wild rats trapped in Aberdeen, Scot- 
land, harboring S. enteritidis in either the liver or the spleen or in both 
organs. Only six of a group of 100 rats caught in Chicago packing 


houses yielded organisms of the paratyphoid-enteritidis classification, 
according to a report by Verder (1927). In five of the animals the 
liver or spleen or both organs were infected with S. enteritidis; 
S. aertrycke was isolated from only one individual. In no instance in 
this Chicago study were the organisms recovered from the intestinal 
tracts of the rats. 


These various findings led Ball and Price-Jones (1925) to suggest 
that ‘‘the rat is the natural home of the Gaertner bacillus.’’ Savage 
and White (1923) while denying that Salmonella strains are natural 
inhabitants of the rat intestine, admit that they may be present in 
many animals. Observation of the widespread distribution of S. enter- 
itidis in rats and mice led Jordan (1929) to suggest the epidemiologic 
significance of the phenomenon. 

Evidence recorded from laboratory epidemics may suggest the 
manner of spread of Salmonella infection among wild-rat populations. 
Boycott (1911) isolated 8. enteritidis in a spontaneous infection among 
rats. Price-Jones (1927) estimated from inoculation experiments that 
it takes 48 hours or more for the bacillus to enter the organs of the 
laboratory rat. Kerrin states that the same investigator has shown that 
the proportion of rats that carry the infection for more than two 
months is small, Nevertheless, evidence earlier presented indicates 
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that few if any rat populations are free of Salmonella infection, there 
being always a number of individuals harboring these organisms. 

In view of the known instances of cannibalism among rodents when 
a food shortage presses, the spread of an epidemic can be facilitated 
through the ingestion of infected members by individuals hitherto unin- 
fected. Price-Jones and others have definitely shown that rats can be 
infected by feeding. Kligler and -Olitzki (1929) have reported that 
oral infection of mice with S. enteritidis led to more serious results at 
lower temperatures. 

Of 120 living Salmonella strains isolated in a series of British out- 
breaks listed by Savage (1932) for 1919-1931, 90, or 75 per cent, were 
classified as either S. aertrycke or S. enteritidis. No instances of human 
carriers of these organisms have been demonstrated. Since these two 
subtypes seem to be particularly associated with rats and mice, and 
since these organisms are pathogenic to both rodent and man, we con- 
clude that a high percentage of outbreaks of Salmonella food infection 
in man is rodent-borne. Unless there is positive evidence in other 
directions, this possibility should always be entertained in investigat- 
ing such epidemics, where Salmonella has been isolated. Typical of the 
many outbreaks where a reasonable chain of evidence could not be 
established is one reported by Burgess (1925) from Dundee, England. 
After exhausting other possibilities, it was concluded that the only 
plausible route of contamination was offered by the accessibility of the 
incriminated cream mixture to mice over a period of several days. The 
report, however, makes no mention of mice or their excreta being 
available for bacteriological examination. 

Rats and mice, notorious as pests, are most persistent and destruc- 
tive to man and all of his works. Equally well known is their general 
prevalence and their predilection for places where food supplies are 
stored. Yet the literature discloses only a handful of outbreaks of 
Salmonella infection where rodent origin has been established beyond a 
reasonable doubt. 

The following possibilities suggest why rodent vectors have not 
been more frequently implicated in connection with food infections: 

(a) Sub-threshold contamination of food—to a degree not sufficient 
to evoke the typical enteric symptoms. 

(b) Food contaminated, but handled, treated, or prepared in such 
a manner as to render the organism innocuous. 

(ec) Owing to lack of adequate hacteriological technique, Salmonella 
organism not isolated when present. 

(d) Unreported outbreaks. 

(e) Rat migrations induced by anti-rodent measures instituted im- 
mediately after an outbreak may explain failure to trap rats for bac- 
teriological examination. 
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(f) Failure to investigate outbreaks in sufficient detail. 

The establishment of the responsibility of rats and mice in Sal- 
monella food infection outbreaks is an added indictment against these 
animals as universal enemies of man. A continuation of the campaign 
to eradicate these creatures should, in the absence of other complicating 
factors, lead to a reduction in the incidence of such outbreaks. 

The authors wish to acknowledge the courtesy of and their indebted- 
ness to Drs. Henry Welch and Friend Lee Mickle, State Department 
of Health, Connecticut; to Drs. Bernard E. Proctor, Cecil G. Dunn, 
and J. W. Williams of the Massachusetts Institute of Technology ; to 
Dr. John R. Weldin, Rhode Island State College. They also desire to 
express their appreciation of the valuable assistance of Mr. Granville 
M. Neal, Assistant Bacteriologist, and Mr. Willard B. Chase, Tech- 
nician, in carrying out the numerous serological and biochemical 
examinations. 


SUMMARY 

An outbreak of food infection, producing the classical gastroenteric 
symptoms in a reported total of 208 persons and fatal terminations in 
three of the cases, occurred in March, 1935, in the eastern part of the 
state of Rhode Island. 

A cooked-cream filling contaminated with Salmonella enteriiidis 
was the common factor in all cases. 

Bacteriological and epidemiological evidence suggests the possibility 
of rodents as the contaminating agents. 

Although the literature discloses few outbreaks of Salmonella food 
infection where evidence of rodent guilt is conclusive, these animals 
possibly play a considerable role in the spread of such infection. 
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Since van Ermengem first isolated Clostridium botulinum and 
established its causal relationship to botulism, a number of strains 
have been isolated from different outbreaks, some of which have been 
more or less extensively studied. The strains isolated in America 
differ markedly in their temperature relations from the original 
strain, and from those isolated more recently in Europe. 

Van Ermengem (1897) described the organism which he isolated 
from ham as growing within a wide range of temperatures, but with 
an optimum between 20° C. (68° F.) and 30° C. (86° F.), at which 
temperatures abundant toxin was produced. Contrary to reports of 
his work by certain authors, van Ermengem’s bacillus grew at 37° C. 
(98.6° F.) and above, though not as actively as at 20 to 30° C. (68 to 
86° F.), and it did not produce spores or toxin at the higher temper- 
atures. Other strains isolated in Europe appear similar to van 
Ermengem’s organism in this respect. Landmann (1904) reported 
that the Darmstadt strain isolated from beans grew as well at 37° C. 
(98.6° F.) as at 24° C. (75.2° F.). Spores were formed more rapidly 
at 37° C. (98.6° F.) but stronger toxin developed at 24° C. (75.2° F.). 
Romer (1900) reported the most favorable temperature for the 
growth of strains studied as 22° C. (71.6° F.). At 37° C. (98.6° F.) 
growth and involution forms occurred, but no spores were formed. 
Meyer and Gunnison (1929a) studied six purified strains of organisms 
isolated from food and soil specimens in Europe and found growth 
equally good at 20° C. (68° F.) and 37° C. (98.6° F.), though there 
was a 24-hour lag at 20° C. (68° F.). Sporulation occurred at 20° C. 
(68° F.) but not at 37° C. (98.6° F.). 

The Nevin strain, isolated in 1914 from cottage cheese showed 
marked differences from the van Ermengem organism in that ‘‘the 
bacilius not only grew luxuriantly in medium containing dextrose 
at 37° C. (98.6° F.) in from 18 to 24 hours and developed spores 
in 48 hours, but it also produced potent toxins.’’ Konstansoff (1915) 
isolated from an outbreak of fish poisoning in Russia an anaerobe, 
Bacillus ichthyismi, which he believed closely related to, if not 
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identical with, Clostridium botulinum. The optimum temperature 
was 35 to 37° C. (95 to 98.6° F.), and growth did not oceur at 20° C. 
(68° F.). This author found the optimum temperature for growth 
of several atoxie strains of Clostridium botulinus to be from 20° C. 
(68° F.) to 37° C. (98.6° F.). Dickson (1918) worked with five 
different strains of Clostridium botulinum and found that toxin 
‘‘may develop in small quantities at temperatures below 20° C. 
(68° F.) and above 30° C. (86° F.), but at the ordinary temperatures 
of warm blooded animals it is rarely produced.’’ In a preliminary 
report (1915) he stated that toxin was formed best in the dark at 
22 to 28° C. (78.8 to 82.4° F.), ‘‘the optimum temperature of 
B. botulinus.’’ A strain isolated by Thom, Edmondson, and Giltner 
(1919) from canned asparagus juice, produced colonies in six to 
seven days at 25° C. (77° F.) and in three days at 37° C. (98.6° F.). 
Toxin was produced at both temperatures, but was much more viru- 
lent at 37° C. (98.6° F.) in the same period of incubation. 

Shippen (1919) studied the Nevin strain and confirmed the find- 
ings of Miss Nevin in regard to growth and toxin production at 
37° C. (98.6° F.). The same author found toxin produced at 37° C. 
(98.6° F.) when Clostridium botulinum was grown symbiotically 
with yeasts, Escherichia coli, or Micrococcus aureus, without definite 
efforts to secure anaerobic conditions. Burke (1919a) found that 
strains of Clostridium botulinum isolated from water, hay, leaves, 
vegetables, insects, manure, ete., by incubation at 28° C. (82.4° F.), 
also grew readily at 22° C. (71.6° F.). In a second paper (1919b) 
she reported that ‘‘pure strains isolated at Stanford University grew 
somewhat more rapidly at 37.5° C. (99.5° F.) than at 28° C. 
(82.4° F.),’’ and that ‘‘at lower temperatures the rate of develop- 
ment is still slower. Toxin is produced at 37.5° C. as well as at 
28° C.’’ The strain isolated from canned ripe olives by Armstrong, 
Story, and Scott (1919) showed best growth at 37° C. (98.6° F.), 
but growth also occurred at room temperature and after several 
days at 20° C. (68° F.). 

An optimum temperature of 22 to 25° C. (71.6 to 77° F.) was 
shown by a strain isolated by Graham and Brueckner (1919) from 
ensilage which had caused forage poisoning in horses. Orr (1922 
studied 16 different strains, including those of Dickson and of Graham 
and Brueckner. He states that ‘‘contrary to the general view that 
the optimum for growth of B. botulinus is 22° C. (71.6° F.), we 
have found that the body temperature of 37° C. (98.6° F.) is most 
favorable for growth and spore production of all 16 strains of 
B. botulinus. Toxin is readily formed at this temperature.’’ Koser, 
Edmondson, and Giltner (1921) found that in inoculated cans of 
spinach toxin developed at room temperature in four days and only 
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slightly more rapidly at 37° C. (98.6° F.). Morel and de St. Martin 
(1922) reported isolation in Paris of Clostridium botulinum from 
American canned salmon. This strain was grown at 27° C. (80.6° F.) 
and 37° C. (98.6° F.) and produced toxin at both temperatures. 

A type B strain isolated by Mitchell (1922) from an outbreak of 
equine botulism grew well at 28° C. (82.4° F.) but less well at 
37° C. (98.6° F.). Bengston (1924) isolated Clostridiwm botulinum 
type C from the larvae of Lucilia caesar and reported that 37.5° C. 
(99.5° F.) was favorable for growth, but that growth occurred after 
a delay at room temperature. A type C strain isolated by Graham 
and Boughton (1923) grew in two to eight days at 37° C. (98.6° F.). 

Schoenholz, Esty, and Meyer (1923) inoculated commercially canned 
vegetables and fruits with detoxified spores of Clostridiwm botulinum 
and found that foods fell naturally into three classes. In acid foods, 
such as fruit, tomatoes, ete., toxin never developed in less than five 
and one-half months at 35° C. (95° F.) or ten months at room tem- 
perature. In corn, peas, salmon, ete., toxin rapidly developed in 
all tins at both room temperature and 35° C. (95° F.), and the 
foods regularly showed marked signs of spoilage. In foods such as 
beans, asparagus, olives, ete., toxin frequently developed without 
visible signs of spoilage, especially when kept at room temperature 
for two to twelve months, or at 35° C. (95° F.), for 10 days. Thomp- 
son and Tanner (1925) also showed good toxin formation in inoculated 
eanned foods incubated at 37° C. (98.6° F.). 

Single cell isolations of a number of strains by Starin (1924) 
showed equally good growth at 37° C. (98.6° F.) and at 20° C. 
(68° F.). Starin said: ‘‘The rate of growth and toxin production is 
somewhat more rapid at 37° C. The quantity of toxin eventually 
produced is the same at either temperature.’’ Meyer and Gunnison’s 
(1929b) ‘‘Clostridium botulinum type D’’ isolated in South Africa 
grew at 20° C. (68° F.) and 30° C. (86° F.), with an optimum of 
37° C. (98.6° F.). 

Work on the temperatures limiting or inhibiting the growth of 
Clostridium botulinum has been confined almost entirely to studies 
of the thermal resistance of the spores and of toxin production at 
room and body temperature. In recent years freezing as a means 
of food preservation has given impetus to studies of the behavior 
of Clostridium botulinum in frozen foods. Wallace and Park (1933) 
observed viable spores after a year at —16° C. (3.2° F.) and reported 
that the toxin also remained potent during that time. James (1933) 
found that spores were not destroyed by storage at —6.7° C. (20° F.) 
and that toxin was not formed at this temperature. Growth or 
multiplication of the organism has never been reported below 0° C. 
(32° F.). 
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Edmondson, Thom, and Giltner (1923) studied the development 
of Clostridium botulinum in foods under ordinary household condi- 
tions. In inoculated food stuffs toxin developed rapidly at 30° C. 
(86° F.) and 20° C. (68° F.), but did not develop at 9° C. (48.2° F.). 
No intermediate temperatures were tried. 

Starin (1926) inoculated cans of different vegetables and incubated 
them at 10 to 12° C. (50 to 53.6° F.), 10 to 21° C. (66.2 to 69.8° F.), 
and 24 to 26° C. (75.2 to 78.8° F.). At 10 to 12° C. (50 to 53.6° F.) no 
toxin was produced in five months, but at 20° C. (68° F.) and 25° C. 
(77° F.) toxin developed rapidly. Considerable difference in rapidity 
and potency of toxin production in different media was noted. Death 
of the organism did not oceur at any of the temperatures studied, 
even after three months. 

The range of temperature between freezing and room temperature, 
from 0° C. (32° F.) to 20° C. (68° F.), has been neglected until 
recently, yet from the standpoint of food storage in the home, the 
meat packing industry, and the field of storage of commercially 
canned foods it is very important. Since the preparation of this 
manuscript in June, 1934, Prescott and Geer (1936) have reported 
results of an investigation along similar lines. Their conclusions agree 
in general with those reached in the present investigation. They 
worked with packaged fruits and vegetables heavily inoculated with 
detoxified spores of a type A strain. Some foods, such as certain 
canned meat products, cannot be given a sterilizing process on account 
of undesirable changes which would occur, and therefore they may 
contain spores of Clostridium botulinum. In these eases food is 
cooked at lower temperatures and held under refrigeration thereafter 
until used by the consumer. Therefore it is desirable that informa- 
tion be available on the relation of temperature to the growth and 
toxin production of Clostridium botulinum. Strains of Clostridium 
botulinum, temperature relations of which have been studied by vari- 
ous investigators, have come from a wide variety of sources. This 
may explain some of the great variations in results which different 
investigators have reported. 


APPARATUS AND MATERIALS 

In this investigation seven strains of Clostridium botulinum type A, 
10 strains of type B, one strain of type C, and three untyped strains 
of Clostridium botulinum were used. Five strains of Clostridium 
putrificum, seven strains of Clostridium sporogenes, and one of Clos- 
tridium thermosaccharolyticum were also studied. Development of 
all the strains was first studied in different media at different tem- 
peratures. This was followed by a study of the development of toxin 
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in liquid media inoculated with toxin-free spores of Clostridium 
botulinum. 

Cultures were incubated in a large incubator at temperatures of 
5° C. (41° F.), 10° C. (50° F.), 15° C. (59° F.), and 20° C. (68° F.) 
secured by means of a York refrigerating machine and a Freas oven 
and accurately controlled to within one degree. Anaerobiosis at these 
temperatures was obtained by means of Varney anaerobic jars, and 
at 37° C. (98.6° F.) through the respiration of germinating oats in 
a museum jar sealed with petrolatum. Paraffin seals were used on 
glucose broth tubes, and cultures in sheep-brain medium were incu- 
bated without further provision for anaerobiosis. 

All apparatus was sterilized after use by autoclaving for one 
hour at 18 to 20 pounds steam pressure. This was found to yield 
sterile apparatus. 

GROWTH IN DIFFERENT MEDIA 

The 34 strains of Clostridium botulinum, Clostridium sporogenes, 
and Clostridium putrificum were grown in liver broth at 37° C. 
(98.6° F.) for six days, and at 20° C. (68° F.) for one day, then were 
transferred to three different media. One drop of each culture was 
transferred to tubes of five-per cent glucose broth, sheep-brain me- 
dium, and corn-liver medium of McClung and McCoy (1934). The 
glucose-broth tubes were sealed with paraffin; the other media con- 
tained enough solid particles to maintain sufficient anaerobiosis. All 
strains were incubated at 5° C. (41° F.), 10° C. (50° F.), 15° C. 
(59° F.), and 20° C. (68° F.) and were examined daily for growth. 
The corn-liver medium was soon proved to be unsatisfactory and was 
discarded. Owing to the manner of preparation—continued drying at 
high temperature—it contained an abundance of con‘aminating bac- 
teria which, though killed in the sterilization of the medium, were 
present in each microscopic field and were often not distinguishable 
morphologically from the species inoculated. Microscopic examination 
is also hindered by the fact that the oily nature of the medium makes 
it very difficult to prepare films for staining. Growth of the clostridia 
does not produce any characteristic visible changes in the appearance 
of the medium. 

Glucose broth also proved unsatisfactory, since a medium of high 
sugar content seemed to be unfavorable to the development of these 
anaerobes. The results were so inconsistent that it was obviously not 
the temperature which was the limiting factor. 

Sheep-brain medium seems to be very satisfactory for growth of 
the three species studied, since growth appeared quickly and quite 
uniformly at the high temperatures (Table 1). 
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At 20° C. (68° F.) most strains were growing in three days, and 
all except one strain of Clostridium putrificum, which took six days, 
showed growth within five days. At 15° C. (59° F.) one strain of 


TABLE 1 


Growth of Clostridium botulinum, Clostridium sporogenes, and Clostridium 
putrificum in Sheep-Brain Medium at Different Temperatures 

















, 20° C. 18° C. 10° C. 5° C. 
Organism (68° F.) (59°F.) (50° F.) (41° F.) 
days days days days 

1. Clostridium botulinum type A.............. +4 + 7 —108 —108 
2. Clostridium botulinum type A............. +3 + 5 —108 —108 
3. Clostridium botulinum type A...........+. +5 + 5 — 89 — 89 
17. Clostridium botulinum type A..........00+ +3 + 2 + 99 —108 
21. Clostridium botulinum type A.............. +3 + 5 —108 —108 
33. Clostridium botulinum type A........ +5 + 7 — 89 — 89 
39. Clostridium botulinum type A..........0+ +4 + 5 —108 —108 
6. Clostridium botulinum type B.............. +3 + 5 —108 —108 
7. Clostridium botulinum type B.............. +3 + 5 —108 —108 
8. Clostridium botulinum type B.............. +3 + 6 —108 —108 
9. Clostridium botulinum type B.............. +3 + 5 —108 —108 
15. Clostridium botulinum type B.............. +5 + 5 + 85 — 89 
20. Clostridium botulinum type B.............. +3 + 4 + 85 —108 
22. Clostridium botulinum type B +5 + 5 — 89 — 89 
26. Clostridium botulinum type B +3 + 4 + 92 —108 
37. Clostridium botulinum type B +4 + 4 —108 —108 
18. Clostridium botulinum type B +3 + 4 + 27 —108 
30. Clostridium botulinum type C +5 + 5 —108 —108 
27. Clostridium Dbotulinwi............ccccccccscssees +4 +14 —108 —108 
31. Clostridiwm botulinum.........cc.cccccceeeeees +3 + 6 —108 —108 
32. Clostridium DOtulinwm..........cccccccccccccoee +4 + 5 —108 —108 
28. Clostridium thermosaccharolyticum..... +3 + 4 —108 —108 
10. Clostridium. sporogenes.........cccccsccseeceees +4 + 7 —108 —108 
11. Clostridium sporogenes........... +3 + 5 —108 —108 
14. Clostridiwm spOrogeneS......ccccccccceseeseeree +3 + & —108 —108 
23. Clostridiwm sporogeneS..........ccc.ccsssecceees +5 + 6 aaueee , —108 
24. Clostridium sporogeneS.........cc..csscseeeeee +4 ++ 4 + 98 —108 
38. Clostridiwm sporogeneS..........cc.ceeseeceeeee +4 + 8 —108 —108 
40. Clostridium sporogenes........ = + ¢ —108 —108 
12. Clostridium putrificwm.........ccccccecesseeeee + 4 + 75 —108 
13. Clostridium putrificum........ccccccceceeceeeees +14 —108 —108 
25. Clostridium putrificum......c.cccccceseeseeeee + 5 —108 —108 
34. Clostridium putrifiowm.......c.ccccccceeseeceeee + 5 —108 —108 
35. Clostridium putrificum..c..ccccccccccccesseereers + 4 + 84 —108 








1 Uninoculated. 


Clostridium putrificum and one of Clostridium botulinum were de- 
layed 14 days, but most showed growth within five days. In gen- 


eral, the strains growing earlier at 20° C. (68° F.) grew earlier at 
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15° C. (59° F.), but strain 34, Clostridiwm putrificum, appeared in 
six days at 20° C. (68° F.) and in five days at 15° C. (59° F.). 

At 10° C. (50° F.) 27 days (Clostridiwm botulinum type B, strain 
18) was the shortest time in which growth occurred with any of the 
strains studied. Clostridium putrificum, strain 12 was next, growing 
in 75 days. When these experiments were concluded, after 108 days 
(89 days in the ease of cultures 3, 33, 15, and 22) only eight strains 
had shown growth. At the end of 64 days (45 for cultures 3, 33, 
15, and 22) an accident to the incubator caused the temperature to 
rise to 20° C. (68° F.) for six to seven hours, hence the results of 
this test may not be very significant. The higher temperature may 
have been enough to initiate the growth of these strains, or it might 
have speeded the appearance of growth which would have occurred 
at 10° C. (50° F.) after a longer time. At the end of 108 days (89 
days for strains 3, 33, 15, and 22) no growth had occurred at 5° C. 
(41° F.), although these cultures had been kept at 20° C. (68° F.) 
for six to seven hours. The four species of Clostridium behaved quite 
similarly, there being no greater difference between the growth of the 
different species than occurred between strains of the same species. 


PRODUCTION OF TOXIN IN LIQUID MEDIA 


To determine the influence of temperature on toxin formation, 
toxin-free spores were inoculated into liver broth and incubated 
anaerobically at different temperatures. Mice were used for all tox- 
icity tests. Controls with known toxin-containing and toxin-free 
filtrates were used in all tests. Clostridium botulinum toxin, when 
injected into mice, is fatal in one or two days after they show the 
typical muscular incoordination and paralysis typical of botulism. 

Twenty-one strains of Clostridium botulinum were grown on liver- 
agar slants at 37° C. (98.6° F.) until a good crop of spores was pro- 
duced. A suspension of spores was made in sterile saline solution 
and was heated in boiling water for 15 minutes to destroy all toxin 
and vegetative cells. Tubes containing eight cubic centimeters of liver 
broth were inoculated with three drops of the spore suspensions and in- 
cubated anaerobically at 20° C. (68° F.), 15° C. (59° F.), 10° C. 
(50° F.) and 5° C. (41° F.). A duplicate series of cultures was in- 
cubated at 37° C. (98.6° F.), but toxicity tests were not run on these. 

Cultures were observed every two days, and as soon as growth 
occurred, as evidenced by a heavy turbidity of the broth, the culture 
was tested for toxicity on mice. After filtration of a portion of the 
culture through filter paper, .5 ¢.c. of the filtrate was injected sub- 
cutaneously along the median line of the abdomen of a mouse. The 
remainder of the filtrate was heated in boiling water five minutes to 
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destroy the toxin, and .5 ¢.c. was injected into another mouse as a 
control. The rest of the culture was returned to the incubator and 
was used to inoculate a second series of mice if the first mouse failed 
to die from the effects of the toxin within two days. 

At 20° C. (68° F.) only three strains (1, 17, and 18) failed to grow 
(Table 2). Numbers 1 and 17 (Clostridium botulinum type A) grew 
rapidly at 37° C. (98.6° F.), but Strain 18 (Clostridium botulinwm 
type B) did not, so the spores inoculated must not have been viable. 
This may have been due to the fact that they did not survive heating 
intended to destroy only toxin and vegetative cells, or there may have 
been too few spores present in the suspension. Of the 18 strains which 
grew at 20° C. (68° F.) 12 proved toxic in at least one trial, the 
majority causing the death of a mouse in one day, after six to nine 
days’ incubation. Strain 3 was toxic in 10 days, Strain 2 in 12 days. 
In the first trial Strain 7 (type B) developed enough toxin in two 
days to kill a mouse in one day; but in the second trial, though 
growth appeared in six days, the culture was still atoxic after 
nine days. Number 22 proved toxic in six days, the mouse dying in 
one day, but the control animal, given the heated culture, died from 
unknown causes five days later. In a second trial of this strain 
growth appeared in six days, but the culture was still atoxie after 
nine days. Injection of a culture of this strain grown at 37° C. 
(98.6° F.) and held at room temperature for several weeks caused 
the death of a mouse in one day. Number 26 (type B) produced 
enough toxin in six days to kill a mouse in two days, and in eight days 
to kill a mouse in one day; but in a second trial of the same strain, no 
toxin was produced in 19 days, though growth was apparent in 16 
days. Strain 31 was weakly toxic in eight days, since the inoculated 
mouse died in five days. In the second trial, growth cocurred in six 
days, but the culture was still atoxie after 11 days. This strain, grown 
at 37° C. (98.6° F.) and held at room temperature for several weeks 
also proved only weakly toxic, for eight days were required to cause 
the death of a mouse. 

Six of the strains growing at 20° C. (68° F.) apparently did not 
produce toxin at that temperature. Usually growth was later in 
appearing than in the case of the toxic strains, and although mice 
were injected on several days following the appearance of growth, 
none of the animals died. 

At 15° C. (59° F.) only three strains showed growth, although in- 
cubation was continued 44 days in the case of several strains. Strain 
39 (type A) proved toxic in 13 days, the inoculated mouse dying in 
two days. Injection after 14 days caused the death of the mouse in 
one day. In a second trial of this organism no growth had occurred 

















sfUp ZZ UL Y}MOIZ ON 


skep [FP Ul Y}MOIZ ON 


sSABP GZ UL YMOIZ ON 


sfup [Pp Ur yyMoiZ ON 


sXkup LF Ul Y}MoIs ON 


sep ZE Ul YRMOIZ ON 


sup ZE Ul YZMOIS ON 


sup [Pp Ul yRMo1s ON 


sfep ZG Ul YMOIZ ON 


sAUp TP Ul yyMoIs ON 


skep ZZ Ul YyMOIZS ON 


skup TF Ur yyMois ON 


sfep Lp Ul YyMOIZ ON 


sfuep ZE Ul YyMOIZ ON 


sfup GE Ul qyMo1s ON 


SAUP TF UT YJMOIS ON 


skup ZZ Ul YyMOIs ON 
sep [Pp Ul yyMo1s ON 
o MUL 

Aep T[ ut parp 
esnoul—sfep FT 

sfep Z Ul pap 
esnoul—sAup ET 

Aep [ Ul porp osnour 
—sfkep ZZ Ul DIxO], 


sAup [FP ul YyMoIs ON 


SAUP FF UL YPMOIZ ON 


sfkep ZE Ul YMOIZ ON 


sXkep BE Ul YJMOIS ON 


SAUPp TF Ul YyMOIZ ON 


S£UP QT UI DIX0} JOU 
—sfkep FL Ul yyMoINH 


Aup T[ Ut perp esnou 
—sAEp 9g Ul DIXO], 


Aep [ ul patp ssnow 
—skep J Ul dIxO], 


Sinoy § UL patp ssnoul 
—sfep 6 UL dIxOy, 


SAUP QF UL YPMOIS ON 


Aep T at porp osnow 
—skep OT Ul oxo], 


ep T[ ul perp ssnou 
—skeup ZI Ul oIxoy, 


skup [Pp Ut yyMo1s ON 





seeeeveesseeser BCL] WUNWYNIOG WNINA780ID “9 


wnipri}80)9 


wnipr.z80)9 


wniprsjsoj 9 


wniprsjz8019 


wnipré}8019 


wnipr4}8019 


wniprt780)9 


“68 


j 


— 





Cad Th) “0 o$ 





Ca .0S) ‘0 .OT 





('d 069) ‘0 ST 





(Cd 089) “0 .0% 





preseconmnnanngy eds} wnwjnj}0q 
“wy adf} wnwjnz0q 
prccecencoosoome od 44 wnuiyn}0q 
seeeenenererrenr DALY WUNWIINIO| 
procesenecnsoowe ed 4} wnuryn.0q 
cuneate) ed} wnuryn}0q 
sesesseeeeessenr QTL] ULNUIINIO| 
WISIUBZIQ 








saunwosadwa yz, quasa fig yo wnuynjoqg wnynwyso)9 fo savodg payixojagq fiq wouonpoig wixoy puv fo y,Nno1y 


6 WTAVL 








sAUp [Pp Ul YJMOIS ON 


sAup [PF Url YMo1s ON 


sfep [PF Ul yyMois ON 


Up LP UL YyMOIS ON 


SAUP ZZ UL YYMOAS ON 


skup LF Ul YMOIS ON 


SAUP LF UL YJMOIS ON 


sAup [Pp Ul YRMOIS ON 


Y}MO1s ON 


YIMors ON 


}MO1S ON 


MOIS ON 


YJMOIS ON 


skep LF UL YPMOIS ON 





sup [PF Ul YyMo1s ON 


SAUP [TF UL MOAT ON 
6 [MIT 
{up CZ UL Oxo} Jou 


—sAvp JT UL yyMory 


SAUp LF UL YMOLsS ON 


SAup FF UL YMOAZ ON 


Go UL YJMOIS ON 


SALP FF UL YYMOIS ON 


skep [PF Ul YyMols ON 


SAUP GT UL OIxXO} Jou 
—sfkUp O[ Ul yoy 
6 IMT 

Avp [ ul parp asnou 
—sAUp g UL dIxO], 
sfvp Z UL parp osnow 
—sA¥Up 9 UI DIXO], 


ET wey 


SAUP 6 UL OIX0} JOU 
—sABp 9 UL YRMOIH 
oT 

sup 9 UL patp [01jU0D 
Avp [ Ut parp asnow 
—SAUP 9 UL dIXO], 

T P14] 


SAUP RZ ULALXO} Jou 
Avp ¢3 ul yoy 
sfup LE Ul dIxo} Jou 
—sfep TT Ul yyMoin 


sAup [[ UL arxo} Jou 
—sdkup 6 UT YMOIH 


SAUP SF UL YYMOIS ON 


sAup 6 UL OIX0} Jou 
—sfep 9 UT YJMOIH 
GIDL 

vp T ut porp ssnow 
—skep % UL OIxoy, 


Le LEA) 





Cd oth) ‘Oo 





Ca .09) (0 01 


(ad 069) ‘0 .ST 





Cad .89) ‘0 .0% 





reseeereressrey OTA] WNUIINIOg 


uenwipnzog 


seeereeereneser TAT WUNUWIINIOY 


oda} wnuijn.0g 


sreeeeseseererer OTK) UUNUIINIO| 


sreeeeeeenerrer OTK] WUNUIINZON 


“gq odd} wnwpnzoq wnipi.7s0]9 °L 


unipri780)Q 


UNIPLLISOID “SS 


WNIPLL8O1D “OS 


UNIPLABSO]D *CI 


wnIprLzso]D °6 


wmpry 





WSIUVSI(—) 





sainpiadway quai sige ww wnuynjog wnrypri7s079 fo sasodg payixojag fiq woyuonpo.g wmxoy, puv fo yynouy 


(panuyuop) 2% 


aTaviL 








sAUp [PF Ul YyMo1s ON 


sAup [FP ul YyMoIs ON 


sfUp [PF UL YZMO1S ON 


skep LF Ul YJMo1s ON 


skUp LF Ul YMoIs ON 


skup LF Ul YMOIS ON 


SAUP [PF UL YJMOIS ON 


SAUP TH Ul YJMOIS ON 


skup [TF Url yyMoIs ON 


skup JF Ul yyMoIs ON 


skep LF Ul yyMo1s ON 


skup LF Ul YIMOAS ON 


skep [fF Ul YyMoIs ON 


sup [TP Ul YyMOIs ON 


skup TP Ul YyMoIS ON 


SAUP FF UL YPMOIS ON 


sAup FF UL YYMOIS ON 


skup FF UT YMOIS ON 


skep [TT Ul oxo} Jou 
—sAUp 8 UT YyMOIN 


sup TT Ul drx0} Jou 
—sAkep 9 Ul dIxXO], 
G 1D14T, 

s{up ¢ Ul parp asnour 
—sfUp g Ul dIxO], 


T 20047 


sup [T Ut porp osnouw 
—sfep 9 Ul dIXOJ, 
Aup [ Ut perp osnour 
—sf¥p § Ul DIXO], 
sfrp Z Ul parp esnour 
—sfep J ul 


- . 


orxoL, 
skup LF UL-YyMOIS ON 


Avp T ul porp ossnou 





—sfrp ) 


Ur OIXOJ, 


sossenensenesensenseesseesu Mm WIN ION 


seeeeeeeeeeesen UNIO 


Q adéy wnwjni0q 


seeeereseeeerrer OGL) wnUynzog 


"gq adky wnwyn720q 


WNIpts}80)9 


seeneenenecenseneeneeseeeea UY IOg UWNIPLL]SO]) 


uwnipr4jso1a 


wn? prtj80]9 


WnIpr4z8O1O 


winipr.7so)9 





‘d oh) ‘0S 





(Ca .0¢) ‘0.01 





(‘a 06S) ‘0 SI 


(a .89) "0.02 





WISIUBZIQ¢ 





saunqosadwua y quaia {iq 7 wnuynjzog wniprso)) fo sasodg papixojag fiq woonporg waxoz pun fo ypnosy 


(papnp»uog) z 


aTavL 


SAUP GT Ut d1X0} you~ 
—sAUP OT UT YyMoINH 














492 FRED W. TANNER AND ELAINE WILLIAMS OGLESBY 


at the end of 41 days. Number 22 (type B) showed growth in 17 days, 
but the culture was still atoxic after 24 days. In a second trial, no 
growth had occurred at the end of 41 days. Strain 33 produced enough 
toxin in 22 days to cause the death of a mouse in one day. 

No growth occurred at 10° C. (50° F.) or 5° C. (41° F.) in any 
strain, although incubation was continued 47 days in some eases. A 
previous trial had been made at these temperatures with 11 strains, 
but on one day, owing to an accident to the incubators, the temperature 
of all the compartments rose to 20° C. (68° F.) for six to seven hours. 
The cultures were left in, however, and up to the time of closing 
these experiments none had shown any growth. The incubation time 
of these cultures ranges from 67 to 74 days (Table 3). 


TABLE 3 
Growth of Clostridium botulinum at 10° C. (50° F.) and 5° C. (41° F.)* 








Organism 10° C. (50° F.) 5° C, (41° F.) 





20. Clostridium botulinum type B..... No growth in 74 days | No growth in 71 days 


22. Clostridium botulinum type B..... No growth in 74 days | No growth in 71 days 
26. Clostridium botulinum type B..... No growth in 74 days | No growth in 71 days 


6. Clostridium botulinum type B.....| No growth in 71 days | No growth in 67 days 
7. Clostridium botulinum type B..... No growth in 71 days | No growth in 67 days 
18. Clostridium botulinum type B..... No growth in 71 days | No growth in 67 days 


37. Clostridium botulinum type B..... No growth in 71 days | No growth in 67 days 

3. Clostridium botulinum type A..... No growth in 71 days | No growth in 67 days 
27. Clostridium botulinumn................. No growth in 74 days | No growth in 71 days 
31. Clostridium botulinum................ No growth in 74 days | No growth in 71 days 











* A temperature of 20° C. (68° F.) for 6-7 hours was reached once during the experi- 
ment. 


CONCLUSIONS 

1. From the comparison of results following inoculation of media 
with actively growing cells with those following inoculation with 
detoxified spores, it appears true that the temperature required for 
germination of spores is higher than that at which growing and 
multiplication will occur. All strains grew well and rapidly at 15° C. 
(59° F.) when actively growing cells were inoculated, but spores of 
only three strains germinated at this temperature. A point to con- 
sider in this connection is the dormancy of heated spores. It has 
been shown by Burke (1923) that spores may remain dormant, though 
viable, for long periods of time after they have been heated, growth 
occurring only after 134 days in some cases. The causes of this 
dormancy are unknown, though ‘‘heat-injury’’ to the spores may be 
a factor. No explanation can be given for the fact that growth of a 
culture occurred fairly soon on one occasion when in a second trial 
at the same temperature the strain failed to grow at all. Before this 
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second trial the spore suspensions were reheated for 15 minutes, and 
it may be that the second heating caused a deeper dormancy. 

2.Growth occurs and toxin is produced within a few days at 
20° C. (68° F.) when either vegetative cells or spores are inoculated, 
and at 15° C. (59° F.) when vegetative cells are inoculated. At 15° C. 
59° F.) toxin production by detoxified spores rarely occurs. At 
10° C. (50° F.) growth of vegetative cells, if we take its appearance 
in the eight cultures as being normal for that temperature and not as 
the result of the short exposure to higher temperature, occurs only 
after at least 27 days. Growth of detoxified spores did not occur in 
47 days, and no growth occurred at 5° C. (41° F.) in any medium, 
though incubation was continued to 108 days in some eases. This 
would seem to indicate that foods stored at room temperature or 
under only slight refrigeration may become dangerous fairly rapidly, 
but when kept at less than 10° C. (50° F.) will remain safe for a 
considerable length of time. 

3. The relation of the time of appearance of growth to the develop- 
ment of toxin is shown in the trials of Strains 26 and 30 at 20° C. 
(68° F.) and of Strain 39 at 15° C. (59° F.). In the first and third 
eases the filtrate injected as soon as a heavy turbidity of growth ap- 
peared required two days to cause the death of a mouse. When the 
same cultures were injected after one more day of incubation, death 
of the mouse occurred in one day. In the case of Culture 30 the results 
were similar except that two days intervened between the two in- 
jections. 

4. Different strains of Clostridium botulinum vary materially in 
their temperature relations. 
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Cereal grains were known to be deficient in the antirxchitie prin- 
ciple before the discovery of vitamin D. Clinicians had associated a 
type of rickets of infancy with a dietary consisting mainly of cereals. 
Mellanby (1921) observed that a high cereal diet invariably had a 
deleterious effect upon the calcification of bones and teeth in dogs 
and rats, and at first he attributed it to an overfeeding of carbo- 
hydrates; he observed, however, that although oats contained less 
carbohydrates than the other grains tested, they possessed a special 
tendency to cause rickets. Later Mellanby (1926) concluded that not 
only do some cereals fail to contain the antirachitic substance, but they 
contain some substance inimical to the antirachitie factors. Fine (1930) 
corroborated Mellanby’s work with respect to the differences in the 
calcifying properties of cereals but he ascribed the difference to varia- 
tions in the vitamin-D content. Other individuals who have tried to 
repeat this work have obtained either erratic results, Dangonman 
(~ 936), or have failed to confirm Mellanby’s conclusions. 

Yddy, Muller, and Heft (1922) found that when the inorganic 
~hosphorus of the diets of rats was replaced by phytin, the rats were 

ot protected against rickets although the food intake remained the 

ime. Bruce and Callow (1934) reported that the apparent rachito- 
enic effect of cereals, when compared with other material of the same 
_aosphorus content, is due to the fact that cereal phosphorus is not in 
an available form. When treated with hydrochloric acid it became 
available. MeCance and Widdowson (1935) found that from 20 to 60 
per cent of the phytin fed to three adults and one child was excreted 
unchanged. However, Harris and Bunker (1935) found no correlation 
between the phytin content of corn analyzed and the severity of the 
rickets produced by it. Recent work by Lowe and Steenbock (1936) 
bears out the theory that the differences are due to the organic phos- 
phorus content of the cereals. 

The nitrogen, Stewart and Greaves (1908) ; ash, Greaves and Hirst 
(1929) ; copper, Greaves and Anderson (1936); sulfur, Greaves and 
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Bracken (1937); and also the nutritive value, Greaves and Greaves 
(1933), of wheats vary with the variety ; consequently, it is probable 
that the antirachitic factor will likewise vary. It was‘in an effort 
to test this thesis that this work was undertaken. 


EXPERIMENTAL PROCEDURE 

The wheats used were grown on the Nephi dry-land substation 
described by Greaves and Bracken. Each sample represented com- 
posites made from three plots growing the same variety and receiving 
the same treatments. The six different wheats were grown, harvested, 
threshed, stored, and handled in the same way; consequently, differ- 
ences found are due to inherent variations in the varieties. The vitamin- 
D content was determined by feeding the different varieties of non- 
irradiated wheat. The provitamin content was determined by feeding 
the different varieties of irradiated wheats to rachitie rats and measur- 
ing, by means of the line test, the degree of healing which took place. 

Phosphorus determinations were made on the blood plasma. The 
comparative assays were made as follows: Rats were bred and reared 
on Steenbock’s stock diet. When 24 days old, the young were weaned 
(their weights being from 45 to 65 grams), placed in metal cages, and 
kept in a dark room. They were fed Steenbock’s rachitogenie diet No. 
2965, given by Hawk and Bergeim (1926), until they developed rickets 
as shown by appearance, the line test, and phosphorus content of blood 
of sacrificed animals. This required 21 days. The remaining rats were 
kept another five days on the rachitogenic diet. During this period, 
Steenbock’s rachitogenic diet was supplemented by the varieties of 
wheat to be tested. The ground wheats were fed in shallow dishes on 
three levels: .75, 1, and 1.25 grams for the nonirradiated ; and .25, .50, 
and .75 gram for the irradiated. The wheats were irradiated by 
exposure for 30 minutes at a distance of 16 inches with a Hanovia 
quartz mereury vapor lamp. The positive control group was given, 
in addition to Steenbock’s diet, one drop of cod-liver oil. The negative 
controls received only the rachitogenic diet. No animal ate less than 
seven grams per day, and all made satisfactory gains in weight. On 
the fifth day the animals were bled and the blood analyzed for inor- 
ganic phosphorus by the Youngberg method, given by Hawk and 
Bergeim. The right tibia was used for the line test made according 
to MeCollum and co-workers as given by Hawk and Bergeim. 


DISCUSSION OF RESULTS 
The phosphorus content of the plasma of the positive controlled 
rats averaged 3.75+ .11 mg. per 100 c.c. of the plasma; the negative 
controlled rats averaged 2.16+ .09. Positive controls had normal tibia, 
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whereas all animals which had been on only Steenbock’s rachitogenic 
diet for both 21 and 26 days had severe rickets. 

The average milligrams of inorganic phosphorus found in 100 e.e. 
of the blood plasma of the animals receiving varying quantities of 
the different varieties of irradiated and nonirradiated wheat are shown 
(Table 1). 

Dangonman (1936), by spectral analyses in ultra-violet light, 
showed bread flour to contain .082 mg. of ergosterol A in 100 grams 


and slightly larger quantities of ergosterol D in the germ. Numerous 
other sterols have been obtained from the wheat germ by Ichiba (1935, 


1935a), and it is the consensus of opinion that plants synthesize only 
the provitamin, noted by Bills (1935), which in turn is transformed 
into vitamin D by the ultra-violet rays. Results shown here are in 


TABLE 1 


Milligrams of Inorganic Phosphorus Found in 100 Cubic Centimeters 
of Blood Plasma 








Nonirradiated wheat Irradiated wheat 
added to diet (grams) added to diet (grams) 








75 1.00 1.25 0.25 0.50 | 0.75 





| 2.32+0.16 | 2.87+0.14| 2.76+0.13 | 1.94+0.03] 2.69+0.05| 2.90+0.16 
2.27+0.13 | 2.06+0.07 | 2.45+0.11] 1.78+0.03] 2.18+0.05| 2.70+0.01 
Regal | 2.00+0.09 | 1.75+0.09| 2 1.78+0.09| 2.78+0.05| 2.07+0.19 
Alton | 1.93+0.04| 2.31+0.04| 2.39+0.13| 1.88+0.04| 2.74+0.13| 2.37+0.05 
Sevier 1.50+0.06 | 1.97+0.03 | 2.02+0.24| 2.01+0.22| 2.08+0.22) 2.52+0.33 
Kofod | 1.47+0.05 | 2.67+0.24 | 1.80+0.10| 2.84+0.03 | 3.08+0.10 

















keeping with these, for the blood of only one animal receiving .75 gram 
of irradiated wheat showed significant gains in blood phosphorus. 
However, even the blood of these animals was considerably below the 
normal controls in blood phosphorus. 

The calcium and phosphorus content of these wheats varied, as 
did also their phytin content, discussed by Greaves and Hirst (1929) ; 
hence their addition to the diet slightly changed the caleium-phosphorus 
‘atio of the different diets. However, Kharkov, which yielded poor- 
est results, maintained the calcium-phosphorus ratio at four, whereas 
some of the others caused a slight variation. To what extent the 
variation in ecalcium-phosphorus ratio would influence the rate of 
healing is unknown, but it probably would be small, according to 
Inerido (1935). 

Slight healing occurred when one gram of the nonirradiated or 
.) gram of the irradiated wheat was fed (Table 2). Healing became 
pronounced when the dosages were raised to .75 gram of the irradiated 
and 1.25 grams of the nonirradiated wheat. It is probable that the 
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healing resulting from the use of the nonirradiated wheat is due to 
accidental irradiation during its handling. There is unmistakable evi- 
dence that the irradiation of the wheats increased their vitamin con- 
tent. There is some evidence from blood picture and line test that 
there may be a difference in the provitamin content of wheats, the 
dry-farm wheat, Kharkov, probably having the lowest and Baart, 
the highest. 
TABLE 2 


Average Line Test for Tibia of Rachitic Animals Receiving Varying Quantities 
of Different Varieties of Wheat 



































Nonirradiated wheat Irradiated wheat 
Wasiety added to diet (grams) added to diet (grams) 

, 0.75 1.00 1.25 0.25 | 0.50 0.75 
Baart....s 025+ | 075+ | 0.75 S | 1.00+ | 1.004 
Kharkov....... 0.25+ 0.67+ 1.00+ Ss Ss 1.00+ 
Sevier............ s' 0.75+ 1.00+ Ss | 0.75+ 1.00+ 
Kofod... me Ss 0.59+ 1.00+ Ss | 1.00+ 1.00+ 
pS ee Ss 0.25+ 1.00+ s | 1.00+ 1.00+ 
Regal........<.+. Ss 8 1.00+ Ss | 1.00+ 1.00+ 





1§ indicates severe rickets. 


SUMMARY 

Assays of the vitamin D and provitamin D were made on six vari- 
eties of wheat grown on the same soil and under similar conditions. 
There was a measurable quantity of provitamin in all varieties which 
was changed to vitamin D by irradiation. The number of samples 
analyzed is too small to permit the drawing of definite conclusions 
but the evidence points to the conclusion that the provitamin-D content 
of wheat varies with the variety. 
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BOTANICAL RELATIONSHIPS OF BLUEBERRIES 

Blueberry, huckleberry, and bilberry are names variously and con- 
tradictorily applied in different localities to certain species of Vac- 
cinium. By New England custom those of bluish color are popularly 
known as blueberries, while those that are black or nearly black 
are called huckleberries. Botanically blueberries and bilberries are 
ascribed to the genus Vaccinium and huckleberries to Gaylussacia. 
Physically blueberries and bilberries are generally sweeter, milder, 
and larger than huckleberries; and the seeds, though more numerous, 
are much smaller and searcely noticeable in eating the fruit. 

Vaccinium corymbosum, the high-bush, cultivated type, and Vac- 
cinium pennsylvanicum, a low-bush, dwarf type, are the common 
species growing in northern New England, eastern Canada, and New- 
foundland. In the wild state the blueberry is one of the most promis- 
ing native fruits. Attempts to bring blueberries into profitable culti- 
vation have been made with considerable success. The tall blueberry, 
propagated chiefly by cuttings from choice strains, yields the best 
results and often produces finely flavored berries one-half inch in 
diameter. It is best grown in boggy areas in an acid soil with good 
drainage. 

The low-bush variety is the one most widely used in commercial 
canning and provides the chief crop of some sections of Maine, such 
as Washington county. In the areas of commercial production it is a 
semi-cultivated crop in that it is cropped a series of years and then 
the ground is burned over and new bushes grown. The swamp or 
high-bush blueberry is more common in Massachusetts and is the type 
most largely used there. It is said to have more character and flavor 
than the berry of the low-bush type. Probably more blueberries are 
canned than preserved in any other way. They may be readily frozen 
and large quantities are preserved in the frozen state. A few blue- 
berries are also dried. 

Data on the chemical composition of blueberries, including vitamin- 
A and vitamin-C contents, and results of a study of the effect of blue- 
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berries on human urinary acidity and blood-alkaline reserve are dis- 
cussed in this paper. 
REVIEW OF LITERATURE 

Several foreign workers have carried on vitamin-C determinations 
on blueberries. Hahn (1931) determined that blueberries were low 
in vitamin C. Lavrov, Yanovska, and Yarousova (1934) found 
stored huckleberries contained only traces of vitamin C. Murri and 
Kudryavtzeva (1934) found blueberries were a fair source of vitamin 
C. In America Fellers and Isham (1933) showed Vaccinium corym- 
bosum, the high-bush blueberry, protected guinea pigs from scurvy 
at a level of four to five grams, therefore giving about two Inter- 
national units per gram. They found Vaccinium pennsylvanicum, the 
low-bush blueberry, was only one-fourth as high in vitamin-C content 
as Vaccinium corymbosum. 

Atwater and Bryant (1906) reported the percentage composition 
of blueberries as purchased: water, 85.6; protein, .6; fat, .6; total 
carbohydrate including fiber, 12.8; ash, .4. Sherman (1934) has tabu- 
lated blueberries as containing .02 per cent phosphorus and .025 per 
cent calcium figured as percentage of edible portion. In parts per 
million of edible portion the iron is nine and manganese, 44. Hodges 
and Peterson (1931) found blueberries rather high in manganese in 
comparison with other fruits. Chandler and Mason (1935) reported 
the chemical analysis of the blueberry ash to indicate that blueberries 
are only a fair source of calcium, poor in phosphorus, and good as a 
source of iron. No data are given. Remington (1930) found 206 p.p.b. 
of iodine on the dry basis in South Carolina blueberries. 


CHEMICAL AND BIOLOGICAL METHODS 

The moisture was determined by the toluene method of Bidwell 
and Sterling (1925) and checked by the official methods of analysis 
of the Association of Official Agricultural Chemists (1930). 

The protein was determined by the Kjeldahl method as described 
in the official methods of the Association of Official Agricultural Chem- 
ists; the ash, crude fiber, and ether extract were also determined in 
the same way. 

The method of Sherman, La Mer, and Campbell (1922) was used 
for determining the vitamin-C content. The animals were all young 
and healthy, weighed between 280 and 325 grams, and were kept in 
individual cages. The basal ration consisted of 58 per cent equal parts 
of rolled oats and wheat bran, 30 per cent of vitamin-C-free baked 
skim-milk powder, 10 per cent butter fat, and 1 per cent each of cod- 
liver oil and salt. This basal ration and water were kept before the 
animals at all times. Three guinea pigs normally were used at each 
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feeding level, though in some cases only two were used. At the end 
of the feeding period all animals were chloroformed, autopsied, and 
carefully examined for lesions of scurvy. Negative controls died 
within 30 days, with a Sherman scurvy score of 16 to 20. 

The titration method of Bessey and King (1933), using 2,6- 
dichlorophenolindophenol dye as indicator, was used in an effort to 
determine the ascorbic-acid content of blueberries. Because of the 
intense color of the fruit the end point could not be determined with 
accuracy. 

The United States Pharmacopoeia, Tenth Revision, technic was 
used for the determination of vitamin A. The depleted rats were 
fed the vitamin-A-free diet consisting of 65 per cent cornstarch, 18 
per cent vitamin-free casein, 8 per cent irradiated yeast, 5 per cent 
Criseo, and 4 per cent salt mixture. This diet was supplemented by 
blueberries which were fed at the three- and five-gram levels as the 
sole source of vitamin A. 


SOURCE AND DESCRIPTION OF BLUEBERRY SAMPLES 

Blueberries for these studies were obtained from Amherst, Heath, 
and East Wareham, Massachusetts; Cherryfield, Maine; and Whites- 
bog, New Jersey. The samples from East Wareham and Whitesbog 
were the new, cultivated, named varieties; those from Cherryfield and 
Heath were Vaccinium pennsylvanicum; while both Vaccinium corym- 
bosum and Vaccinium pennsylvanicum were obtained from Amherst. 
In all cases where fresh fruit was used for vitamin-A or vitamin-C 
assays, weekly shipments were made from the point of origin. Since 
the harvesting season lasts only about a month, it was necessary in 
the vitamin-C assays to feed fresh fruit as long as the season lasted 
and to feed solidly frozen fruit for the balance of the assay period. 
Previous work of Fellers and Isham (1933) showed that blueberries 
lost no vitamin C as long as they were kept solidly frozen and not 
allowed to defrost at any time during storage. The history of the 
samples of blueberries used (Table 2) are described in the discussion 
of the vitamin-C assays. 

In 1934 the blueberries were frozen in glass jars and stored at 
—17.8° C. (0° F.). Samples were removed as required. In 1935 the 
samples were sealed in tin cans and frozen in the same way. Several 
samples (Table 2) were defrosted during storage and refrozen to 
determine the effect of this method of storage on vitamin-C content. 
The methods of canning are given (Table 3). 


COMPOSITION OF BLUEBERRIES 


In general blueberries show a high water content as do most fruits 
with low protein, fat, and ash (Table 1). The soluble solids (sugars) 
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COMPOSITION 


are relatively high and furnish a good source of energy. The percent- 
age moisture determinations on Vaccinium corymbosum (wild high- 
bush) averaged 84; on Vaccinium corymbosum (cultivated high-bush ) 
Cabot variety, 76; Harding variety, 83; and Rubel variety, 85. The 
soluble solids (by refractometer) varied in the fresh fruit from 11.3 
to 11.9 per cent with a mean value of 11.6 per cent. 

The analyses show rather unimportant differences in phosphorus 
and potassium content. The latter element constitutes over 50 per cent 
of the total ash. It is significant that phosphorus is higher than cal- 
cium. In the sample of Rubel variety from Wareham the calcium 
content is less than half that of either of the wild species. Magnesium 
and manganese are also lower in the Rubel variety than in the other 
two samples. The Maine blueberry, Vaccinium pennsylvanicum, was 
particularly high in manganese content. 

The ash analysis shows the blueberry to contain the usual minerals 
found in plant tissues. There is a definite excess of alkaline elements 
in the ash. 

DISCUSSION OF VITAMIN-C RESULTS 

The summary of the assay work on cultivated varieties for vitamin 
C (Table 2) shows that Samples 1, 2, 7, and 8 were fed to the guinea 
pigs in the frozen state. Samples 3, 9, 14, and 18 were frozen but 
were defrosted at least once, and were refrozen before they were given 
to the animals. Sample 13 (Harding variety) was fed fresh for one 
month but the sample probably lost much of its vitamin C during 
this storage period. Frozen berries were fed for the other two months. 
All other samples were fed fresh for one month (weekly shipment) 
and fed frozen the other two months. This arrangement was due to 
the relatively short season when the fresh fruit could be shipped from 
Wareham. 

It will be noted in the summary of the vitamin-C studies on wild 
blueberries (Table 3) that the kettle-cooked, commercially-canned 
blueberries protected the animals from scurvy as well as did the frozen 
fruit. This may be due to the immediate destruction of oxidizing 
enzymes which does not occur when the fruit is packed directly into 
the cans. The Maine berries were of the low-bush type, Vacciniwm 
pennsylvanicum, grown at Cherryfield, Maine. Samples 28, 29, and 30 
were assayed in 1935 and the others in 1934. 

There is little difference in vitamin-C content among the four 
varieties of cultivated blueberries examined. The values vary from 
1 International unit in Pioneer and Harding varieties to 1.3 in Cabot 
and Rubel varieties. Previous work by Fellers and Isham showed 
quick freezing of blueberries did not appreciably injure the vitamin-C 
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content. In the present investigation the frozen high-bush variety 
contained at least 1.6 units per gram, while the low-bush variety from 
Maine contained approximately one-half as much. Cultivated strains 
of blueberries are of the wild high-bush type and they contain com- 
parable or slightly lower amounts of vitamin C. 

This work again clearly shows that defrosting of blueberries 
destroys the vitamin C, even though the berries are frozen again. 

The canning results are indecisive, although Maine kettle-cooked, 
commercially-canned blueberries retained their vitamin-C content re- 
markably well. Other packs showed marked losses owing to canning 
methods. In fact canned high-bush blueberries were not protective 
at the 10-gram level, regardless of the method of canning, though 
Fellers and Isham reported good vitamin-C retention in this fruit 
when not blanched but vacuum-canned. Apparently processing meth- 
ods are of considerable importance in the retention of vitamin C in 
eanned blueberries. 

DISCUSSION OF VITAMIN-A RESULTS 

The experimental work on vitamin A was not so extensive as that 
on vitamin C. Previous work by Fellers and Isham showed that only 
a little vitamin A was present in wild blueberries. Levels of three 
and five grams of both wild high-bush and Cabot cultivated varieties, 
and .5 gram of dried, wild high-bush blueberries were fed to rats 
previously depleted of vitamin A. The five-gram levels allowed exces- 
sive growth, but the three-gram levels gave average weight increases 
for the four-weeks’ feeding period of 27 and 21 grams respectively, 
for the wild and Cabot varieties. One-half gram of the dried, wild 
high-bush blueberries contained insufficient vitamin A to give any 
weight gains. As a positive control U.S.P. Reference cod-liver oil was 
fed a group of eight rats at the 28.5-mg. level with an average weight 
gain of 23 grams in 28 days, or 5,700 units per gram. 

These limited data show both the wild high-bush and the cultivated 
Cabot variety contain approximately one International unit per gram, 
a rather low figure. Since .5 gram of dried blueberries is equivalent 
to approximately five grams of fresh fruit, and inasmuch as this 
quantity was far below the curative level, it follows that drying 
destroyed a large percentage of the vitamin A originally present in 
the fresh fruit. 

BLUEBERRIES AND ACID-BASE BALANCE 

The effect of eating blueberries on the human blood-alkali reserve 

and urinary acidity’ has not been reported in the literature to our 


* The authors wish to express their thanks to E. M. Parrott of the Department 
of Chemistry for active assistance in making the chemical examinations of urine. 
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knowledge. Accordingly an experiment was planned with this object 
in mind, 

Two male human subjects, 25 and 28 years of age, were used in 
these experiments. They were designated C and W (Table 4) and were 
given a daily basal diet consisting of the following foods: 


IE HI oii cnicisasicnsicrvedetannnineniebeusnin 300 grams 
er I oarecenicibicccncclos eicntcitmmmennndene 730 grams 
SN MN oiissiccpiatncatinevinhnicuiscuninaviacsaulaneinann 120 grams 
Heavy cream (1% pint)...........ccccccssrscerssesseesseesoD TAMS 
8 ESRI vs ORS Rice eA eee eae OD LEP oe 140 grams 
NE FA irtincinticsason iio nniiaanmnen 150 grams 


This diet was supplemented with fresh blueberries, Vaccinium corym- 
bosum, as desired during the course of the tests. 

The Kingsbury and Swanson (1921) hippuric-acid technie was 
used and found very satisfactory. Urea nitrogen was determined by 
the urease method as described by Folin and Youngburg (1919), and 
organic acids by the Van Slyke and Palmer technie (1920). The 
method of Folin and Bell (1917) was used for ammonia nitrogen. 
The figures are expressed in terms of grams for 24 hours in all cases 
except titratable acidity and organic acids, which are reported as cubie 
centimeters of .1 normal acid in 24 hours (Table 4). The alkali reserve is 
expressed as cubic centimeters of carbon dioxide in 100 eubie centi- 
meters of blood plasma. The experimental day began and ended at 
eight o’clock in the morning. Blueberries were eaten at noon and in 
the evening. Urine samples were kept in a refrigerator to prevent 
bacterial decomposition. Blood samples were taken for blood-alkali 
reserve determinations about two hours after the evening meal. The 
Van Slyke (1917) apparatus was used for this determination. The 
carbon-dioxide gas, from the bicarbonates, is liberated from a measured 
sample of blood plasma and its volume carefully determined. Duplicate 
and sometimes triplicate determinations were made. Individuals vary 
greatly in their blood-alkali reserve and a value that is normal for one 
person may be quite abnormal for another. However, by making use 
of the same person in feeding tests involving alkali reserve, compara- 
tive and conclusive results may be obtained. 

A glance shows that the results are largely of a negative character 
(Table 4). In spite of each consuming 300 grams of blueberries, two 
normal young men on two different occasions showed no lowering of 
the blood-alkali reserve nor an increase in titratable or organic acids 
present in the urine (24-hour sample). Similarly the pH of the urine 
was unaffected by the inclusion of blueberries in the diet. It was 
difficult to secure good checks in the hippuric-acid determination ; 
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while the results are variable, they cannot be interpreted as showing 
an increased amount in the urine owing to the ingestion of blueberries. 

These data clearly show that blueberries, when eaten in large 
quantities, affect neither the blood-alkali reserve nor the urinary 
acidity of man. 

Wild high-bush blueberries, Vaccinium corymbosum, were exam- 
ined for the presence of benzoic acid by the method of the Association 
of Official Agricultural Chemists (1930). Two quantitative deter- 
minations by the A.O.A.C. method on different lots of blueberries 
yielded .002 and .0021 per cent, respectively. This is approximately 
three per cent of the amount found by Clague and Fellers (1934) in 
cranberries. Based on indirect evidence of the feeding test, it seems 
probable that no quinic acid is present. The effect of cranberries on 
urinary acidity and blood-alkali reserve is discussed in a paper by 
Fellers, Redmon, and Parrott (1932). 


SUMMARY 

1. Analyses of fresh and moisture-free blueberries, wild (high- 
bush and low-bush) and cultivated, are reported. In general the fruit 
is characterized by high moisture and a medium amount of sugar; 
the other four constituents are low, namely ash, ether extract, protein, 
and fiber. 

2. Blueberries are only a fair source of vitamin C. Seven grams 
are necessary to protect a 300-gram guinea pig from scurvy. Frozen 
blueberries are as good a source of vitamin C as are fresh blueberries, 
provided they have not been defrosted and refrozen. Defrosting of 
frozen blueberries resulted in almost complete loss of vitamin C. 
Kettle-cooked, canned blueberries are protective to guinea pigs at a 
10-gram level. There is little difference in variety though our work 
showed the Rubel and Cabot varieties to protect at a slightly lower 
level than the Harding and Pioneer. The range in International 
vitamin-C units per gram for the four cultivated varieties is 1 to 1.5. 
Vaccinium pennsylvanicum (wild low-bush type from Maine) con- 
tained .8 unit of vitamin C per gram when frozen or canned (kettle- 
cooked ). 

3. Blueberries are not a good source of vitamin A, but they con- 
tain about one International unit per gram. 

4. Blueberries contain only traces of benzoic acid. 

5. When blueberries were fed to young men in amounts of 300 
grams in addition to the basal diet, there was no lowering of the 
blood-alkali reserve. The organic acids of the blueberry are oxidized 
to such an extent that the pH, titratable-acid and organic-acid content 
of the urine are not significantly changed. 
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INTRODUCTION 

Attempts to differentiate the staphylococci associated with food 
poisoning from those isolated from other sources have, in general, 
resulted in failure. Stritar and Jordan (1935) econeluded that 
‘‘there are no good criteria for the differentiation of various types of 
staphylococei’’ and ‘‘neither in biochemical, hemolytie or aggluti- 
native characters is there any evidence of homogeneity.’’ Stone 
(1935) has prepared a gelatin medium which, he reports, is liquefied 
by the food-poisoning types and not by the staphylococcus strains 
associated with pathological processes. 

The original medium suggested by Stone consisted of 15 grams of 
dried gelatin (Difeo) and 3.3 grams beef extract (Difco) per liter, 
tubed in 4 e.c. amounts and plugged with cotton, cork-stoppered, 
and parraffined to prevent drying. Planting was by stab to the bot- 
tom of the medium. After incubation at 37° C. (98.6° F.) for 24 
hours (which included an unplanted control tube) the medium was 
placed in a water bath at 21° C. (69.8° F.) until the control tube 
became solid. Liquefaction in any degree was considered positive. 


EXPERIMENTAL WORK 

In an attempt to confirm this test a number of staphylococcus 
strains isolated from materials associated with food-poisoning out- 
breaks and from pathological lesions were examined by Stone’s 
method. A total of 36 strains was tested, 23 of which had been iso- 
lated from foods incriminated in food-poisoning outbreaks and 13 
from various sources such as local abscesses, osteomyelitis, and other 
infections. They were inoculated into Stone’s original gelatin and 
into nutrient gelatin. 

The results show that not all of the food-poisoning strains liquefied 
either Stone’s gelatin or nutrient gelatin and that those from other 
sources did liquefy both of these media (Table 1). 

Some of the food-poisoning strains studied had been tested for the 
food-poisoning factor by feeding to monkeys. After long periods on 
artificial media some of these strains appeared to lose the ability to 
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produce the food-poisoning factor when tested on monkeys, but by 
culturing on starch agar the property to produce this substance re- 
turned, according to Jordan and Burrows (1935). 

The strains, both of food-poisoning and pathological origin, which 
had failed to liquefy gelatin in the above tests were cultured on 
starch-agar slants. Three serial transfers were made on this medium 


TABLE 1 
Reaction of Staphylococci in Gelatin Media 











ae Reaction in Stone's Reaction in nutrient 
Strains original medium! gelatin? 
+ —- pet. | + — pet. 
Food-poisoning origin............+ 14 9 60.8 | 12 11 52.1 
Pathological origin..................0+. 6 7 46.1 8 5 | 61.5 





1A + reaction indicates liquefaction; — indicates no liquefaction after 24 hours at 
87° C. (98.6° F.). ? Examined after 1, 5, 12, 25, and 35 days. Final results given. 
at two-day intervals, after which they were once more inoculated 
into Stone’s gelatin medium and examined for liquefaction after 
1, 3, 7, 14, 25, and 35 days. 

All of the strains liquefied the medium, most of them in three 
days (Table 2). This indicates that all of these staphylococcus strains, 
whether of food-poisoning or so-called ‘‘non-food-poisoning’’ origin, 


TABLE 2 
Reaction of Staphylococci after Cultivation on Starch Agar 


























Culture No.1 Reaction Culture No.1 Reaction 
_* +1? 146** +3 
os +14 147° +1 
43 +1 152° +35 
44 +1 153° +1 
" +1 154 +1 
135! +7 156 +15 
137° +3 157 +3 
140** +3 Control — 
ner" +3 
1 These strains did not originally liquefy Stone’s medium in 24 hours. *The numbers 


indicate time in days to liquefy the gelatin. *Strains incriminated in food-poisoning out- 
breaks. ‘*Strains proved to be of the food-poisoning type by monkey feeding. All strains 
other than ‘*’’ from infections. 


are potentially capable of liquefying gelatin. In some eases an incu- 
bation period longer than 24 hours is necessary. 

While these experiments were being carried out, a change in the 
medium was announced by Dr. Stone. It now consists of 3 per cent 
gelatin, 1.5 per cent agar, and 3 per cent beef extract. The medium is 
poured into plates, and material from suspected food or pure cultures 
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may be streaked on them. After incubation at 37° C. (98.6° F.) for 
24 hours a developer is poured upon the surface of the medium so 
that all colonies are completely covered. The developer is made by 
dissolving one pound of ammonium sulfate in 1,000 c.c. of distilled 
water. A positive reaction is indicated by a clear zone around the 
colonies of the food-poisoning type. 


Using the modified medium the same staphylococcus strains and 
several additional strains very recently isolated from lesions were 
tested. Cultures were streaked on the gelatin agar and well-isolated 
colonies were obtained in 24 hours. Within five minutes after cover- 
ing the colonies with the developer, distinct clear areas were visible 
in some plates against a yellowish background. 

The modified medium gives about 61 per cent positive reactions 


with the strains of known food-poisoning origin, which is the same 


TABLE 3 
Reactions on Stone’s Modified Medium 











Strains Reaction 
+ — pet. 
DO TI CI iiss ccscrsiiescvminiicecnniinlorneiend 14 9 60.9 
PI I iiraiisicccessesineteciscctterireniacnansianmeiieed 12" 5 70.6 
After subculture on starch agar 
Food-poisoning origin 17 6 73.9 
IIE Cia sisciiciiccicisees secs venictersetiesensivensteiiannien 13? 4 76.5 











1 Four of these strains had been isolated very recently from infections and had been sub- 
cultured on agar not more than three times. 


value as that obtained with the original medium. The strains of 
infectious origin give a higher number of positive reactions, 70.6 per 
eent. The additional four strains recently isolated from infections 
were decidedly positive, producing wide areas about the colonies 
within one to two minutes after the addition of the developer. 

The effect of subeulturing on starch-agar slants was again deter- 
mined. After three successive transfers on the starch medium, the 
plates were streaked and tested after 24 hours’ incubation. An in- 
crease in positive reactors was obtained (Table 3). 


CONCLUSIONS 
1. Staphylococci incriminated in food-poisoning cannot be differ- 
entiated by gelatin liquefaction (Stone’s medium) from those isolated 
from infections. 


2. All of the strains examined liquefy gelatin if they are first 
subeultured on starch agar and incubated for a sufficient length of 
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time (35 days). Culturing on starch agar increases the proportion 
of gelatin liquefiers in both groups. 


3. The staphylococcus food-poisoning factor may be produced by 
some strains isolated from pathological lesions. 
Nore.—A number of the strains used in this investigation were obtained from 


the collection of the late Dr. E. O. Jordan and included strains isolated by Jordan, 
Dack, Burrows, and others. 
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INTRODUCTION 


Spoilage of various food products of high sugar content by alcoholic 
fermentation is known to be due to the action of sugar-tolerant yeasts 
capable of developing in concentrations of sugar which suppress ‘‘or- 
dinary’’ yeasts. Of the products subject to fermentation by osmophilic 
yeasts honey has received particular attention, and various species and 
varieties of yeasts responsible for spoilage have been described by 
Nussbaumer (1910), Richter (1912), Marvin (1928), Fabian and 
Quinet (1928), Lochhead and Heron (1929), and Sacchetti (1932a). 
From other saccharine products such as cane syrup, according to 
Owen (1913); maple syrup, Fabian and Hall (1933); concentrated 
grape must, Kroemer and Krumbholz (1931) and Sacchetti (1932b) ; 
and cream fondant candies, Shutt (1925) and Church, Paine, and 
Hamilton (1927) sugar-tolerant yeasts have been isolated, while in 
this laboratory similar types have been found as the cause of spoilage 
of molasses and of orange marmalade. 

Of the sugar-tolerant yeast types described, members of the genus 
Zygosaccharomyces have been particularly prominent, though species 
of Saccharomyces, Schizosaccharomyces, Mycotorula, and Torula have 
also been found in concentrated saccharine products. Species of 
Zygosaccharomyces have been found to be specially active in causing 
spoilage, and even when outnumbered by other sugar-tolerant yeasts 
may develop and play the chief part in fermentation, Lochhead and 
Farrell (1931b). 

In a previous report from this laboratory by Lochhead and Farrell 
(1930) a study was made of the preservative effect of nine compounds 
in 80-per cent honey solution inoculated with a mixed culture of 
Zygosaccharomyces. A study of the effect of varying concentrations 
showed fermentation to be inhibited by .05 per cent sodium benzoate, 


*Contribution No. 40 (Journal Series) from the Division of Bacteriology, 
Dominion Experimental Farms, Ottawa, Canada, with co-operation, in part, of 
Associate Committee on Honey, National Research Council of Canada. 

* The authors are indebted to Mr. C. B. Gooderham, Dominion Apiarist, for 
cooperation throughout the experiments and to Mr. A. H. Jones for assistance in 
the analytical work. 
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.01 per cent sodium sulphite, and .025 per cent sodium bisulphite, 
compounds which appeared to merit further study. 


PRESERVATIVE AND LETHAL EFFECT OF SODIUM BENZOATE AND 
SODIUM BISULPHITE ON ZYGOSACCHAROMYCES 


To note possible differences in concentration of preservatives re- 
quired to prevent fermentative action and to kill yeast cells, respec- 
tively, 100-milliliter portions of an 80-per cent solution of honey were 
prepared in Erlenmeyer flasks and sterilized. The solution contained 
approximately 64 per cent sugar, chiefly invert, and was considered 
much superior to a synthetic salts-sugar medium due to the presence 
in honey of accessory food factors favoring growth and fermentation 
of sugar-tolerant yeasts, as noted by Lochhead and Farrell (1931a). 
The pH of the solution was 4.0, at which value the preservative action 
of sodium benzoate has been found by Cruess, Richert, and Irish 
(1931) to be much more effective than in less acid solutions. 


To two series of flasks were added, in duplicate, sodium benzoate 
(.025, .03, .04, .05, .075, .1, .15, and .2 per cent) and sodium bisulphite 
(.0025, .005, .01, .02, .035, .05, .1, .15, and .2 per cent). Flasks, inelud- 
ing controls without preservative, were inoculated with equal quanti- 
ties of a suspension of the osmophilic yeast, Zygosaccharomyces nuss- 
baumeri, in 40 per cent dextrose, the inoculum containing approxi- 
mately 40,000,000 cells. Cultures were incubated at 28° C. (82.4° F.). 


At various intervals of time, from one week to six months, flasks 
were examined to note the onset of fermentation. The presence of 
viable yeasts was also noted by inoculating a large loopful of the 
contents of each flask into tubes, in triplicate, containing a medium 
consisting of two parts by weight of honey to one part of a nutrient 
solution previously found suitable by Lochhead and McMaster (1931) 
for active development of osmophilic yeasts. Tubes were incubated 
at 28° C. (82.4° F.) for five weeks, if necessary, to note the presence 
of live yeasts as evidenced by growth and fermentation. Negative 
results in all three tubes were considered evidence of a lethal effect. 


A summary of the lowest effective concentrations (Table 1) shows 
that the concentration necessary to inhibit fermentation and that 
showing a lethal effect on yeasts tend to converge. In the ease of 
sodium bisulphite the two concentrations are identical after eight 
weeks, though with sodium benzoate, even after 26 weeks, a slightly 
higher concentration was required to kill yeasts than that found 
adequate to inhibit fermentative action. The differential effects found 
are shown graphically (Figs. 1 and 2). 
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EFFECT OF SUGAR CONCENTRATION ON PRESERVATIVE ACTION OF 
SODIUM BENZOATE AND SODIUM SULPHITE 


The effect of concentration on preservative action was studied on a 
series of honey solutions varying from 40 to 100 per cent, representing 
sugar concentrations of approximately 32 to 80 per cent. To two series 
of 300-milliliter Erlenmeyer flasks containing 200 milliliters of solu- 
tion, varying concentrations of sodium benzoate and sodium sulphite 
were added, respectively. The flasks were inoculated with a mixture of 
the sugar-tolerant yeasts, Zygosaccharomyces nussbaumeri, Zygosac- 
charomyces richteri, Zygosaccharomyces mellis, and Zygosaccharomyc- 


TABLE 1 


Lowest Effective Concentrations of Sodiwm Benzoate and Sodium Bisulphite on 
Fermentation and Viability of Zygosaccharomyces 














Sodium benzoate | Sodium bisulphite 
Length (Benzoic acid) (SOz2) 
incubation? Fermentation Lethal Fermentation Lethal 
prevented effect prevented effect 
weeks pet. pet. pet. pet. 
1 .025 -_ ££ 4 fa 2 ‘om 
2 .025 10 -0025 .035 
+ .04 10 .005 .02 
6 .04 ae pe ie 
8 .04 .075 .02 .02 
12 .04 .075 .02 .02 
16 .04 -05 .02 .02 
20 .04 .05 .02 .02 
26 .04 -05 .02 .02 

















1 Control flasks fermented within one week. 


es barkeri, and ineubated at 28° C. (82.4° F.). At weekly intervals 
loss in weight was determined and the presence of fermentation noted. 


Summaries of the average total loss in weight after 63 and 32 days 
in the two series treated with sodium benzoate and sodium sulphite, 
respectively, show that loss in weight lessens with increasing strength 
of preservative and with increasing concentration of honey, particu- 
larly above 60 per cent (Table 2). The net result is a prevention of 
fermentation at the highest sugar concentrations by concentrations of 
preservatives which do not inhibit in less concentrated solutions. 


EFFECT OF PRESERVATIVES IN PREVENTING FERMENTATION 
OF HONEY 


To note the action of preservatives in preventing fermentation in 
undiluted honey in commercial packages, experiments were conducted 
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Fig. 1. Action of sodium benzoate on Zygosaccharomyces nussbaumeri in 80- 
per cent honey solution. 
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Fig. 2. Action of sodium bisulphite on Zygosaccharomyces nussbaumeri, in 80- 
per cent honey solution. 
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with two lots of freshly extracted honey furnished by the Bee Divi- 
sion, Central Experimental Farm. 

Experiment I (1930). The honey used had a moisture content of 
19 per cent and a yeast count of 250,000 per gram and was con- 
sidered liable to rapid spoilage. Three 100-pound lots were treated, 
respectively, with .05 per cent sodium benzoate, .01 per cent sodium 
sulphite, and .025 per cent sodium bisulphite; while a fourth lot of 
100 pounds was left untreated. The preservatives were added in as 
concentrated solution as possible to avoid adding unnecessary water 
and were well mixed by stirring. The honey was then packed in five- 
pound pails, 24 pails for each lot, and stored in a room subject to 
fluctuating temperatures. 

Experiment II (1931). The honey had a moisture content of 19.2 
per cent and an original yeast count of 6,000 per gram. Three 100- 
pound lots were treated with .05 per cent, .025 per cent and .01 per 
cent sodium benzoate, respectively ; while a fourth lot was untreated. 
The honey was packed in tins, as in Experiment I, and stored at 
room temperature. 

Periodic testing was made by carefully examining all tins for evi- 
dence of spoilage. In addition four tins from each lot were tested 
for flavor, appearance, and yeast count according to methods pre- 
viously used by Lochhead and MeMaster (1931). Tins from which 
contents had been sampled were not used for further yeast deter- 
mination. 

In the results given for the two experiments (Table 3) the yeast 
counts represent averages of four packages tested. Whereas the con- 
trols in Experiment I had all fermented within six months, the treated 
lots remained free from fermentation for three years, with decreasing 
yeast counts indicative of a destructive action. The sulphite and 
bisulphite lots, however, showed an undesirable darkening in color 
and were likewise inferior in flavor to the benzoate lot in which no 
adverse effect of the preservative could be noted. 

In Experiment II untreated tins all showed signs of fermentation 
within nine months. Sodium benzoate in .05 and .025 per cent con- 
centration exerted a distinctly depressing effect on yeast numbers 
which continued to the point of practical sterility, the samples remain- 
ing free from fermentation until the end of the observation period. 
In addition the samples were quite unaffected as regards flavor, color, 
and general appearance, though after 12 months a normal separation 
into solid and liquid phases set in. Honey treated with .01 per cent 
sodium benzoate showed a slight preliminary decline in yeast num- 
bers followed by a rise in numbers up to 15 months. Following this, 
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fermentation began to be manifest, indicating that a concentration of 
.01 per cent, though able to retard, was unable to inhibit yeast action. 


TABLE 3 
Effect of Preservatives on Fermentation of Honey 
in Commercial Packages 

















Sodium Sodium Sodium 
Experiment I (1930) benzoate sulphite bisulphite Control 
.05% 01% .01% 
Yeast count per gram 
MD I aorsitcrerenetessvinns 250,000 250,000 250,000 250,000 
After 6 months........... 180 1 0 400,000 
After 9 months........... 3 0 0 380,000 
Fermentation...............0.. —(3 years) | —(3 years) | —(3 years) + (16 mos.) 
NE sisecssisccacsenvsorevievcacian Good Off Off Fermented 
Sa aiccsdicseusitvanecsanmnes Good Dark a ener 
Sodium benzoate 
Experiment II (1931) Control 
05% 025% .01% 





Yeast count per gram 

















I i excels cecnvaccinsenions 6,000 | 6,000 6,000 6,000 
After 6 months......... 25 | 160 1,460 81,200 
After 9 months......... 3 | 65 2,200 420,000 
After 12 months......... 2 11 13,200 137,500 
After 15 months......... 0 2 80,300 94,000 
After 21 months......... 0 0.1 20,400 26,000 
After 30 months......... 0 0 2,800 2,800 
Fermentation............s000+ —(3 years) | —(3 years) | + (18-21 mos.) | +(9 mos.) 
BO ccerscvssantesosccsesoucsonees Good | Good Fermented Fermented 
GN cthcicieenicctoseturniioiins Good | ee. | iets. F. “soreness 





CONCLUSIONS 

In 80-per cent honey solution (ca. 64 per cent sugar, mostly 
invert) .05 per cent sodium benzoate (as benzoic acid) was the lowest 
effective concentration in killing the osmophilie yeast, Zygosac- 
charomyces nussbaumeri, within 26 weeks. For the inhibition of 
fermentative action a concentration of .04 per cent was sufficient. 
With sodium bisulphite .02 per cent (as SO,) was the minimum 
lethal concentration as well as the lowest which inhibited fermenta- 
tion during the same period. 

The effect of sodium benzoate and sodium sulphite in retarding 
fermentation by mixed strains of Zygosaccharomyces is increased 
with increasing sugar concentration. 

When added to freshly extracted honey, .025 per cent sodium 
benzoate, .01 per cent sodium sulphite, and .01 per cent sodium 
bisulphite were all effective in preventing fermentation during stor- 
age. Whereas the two latter compounds affected both color and 
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flavor, sodium benzoate showed no detectable influence on flavor, 
color, or general appearance. 
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In the production, sale, and use of tomato pulp, quantity is nearly 
always measured in units of volume. Since the value of the product, 
other qualities being equal, is proportional to the percentage of tomato 
solids present, it is a matter of some importance to be able to determine 
the relative amounts of tomato solids in pulps of different degrees of 
concentration. 

The official method (A. O. A. C., 1935) of determining total solids 
in tomato products depends on drying a sample in vacuum at 70° C. 
(158° F.) for four hours, and other methods are judged by the extent 
to which their results agree with those of the official method. Very 
good agreement with the official method is obtained by determining the 
specific gravity of the product at 20° C./20° C. (68° F.) or the refrae- 
tive index of the clear serum obtained by filtration, and reference to 
suitable tables by Bigelow, Smith, and Greenleaf (1934). These meth- 
ods are widely used in manufacturing control and routine examination ; 
in fact the degree of concentration of tomato pulp is commonly defined 
in terms of specifie gravity. 

The weight of tomato solids in a gallon of pulp is, obviously, the 
product of specific gravity, the weight of a gallon of water, and the 
percentage of tomato solids divided by 100, i.e., (Sp. Gr. & 8.33 & % 
solids) —- 100. In setting up a ratio between two such quantities, the 
weight of water and 100 cancel out, and the product of the specific 
gravity and per cent of solids becomes a measure of the weight of 
tomato solids per unit volume. The numerical values of such ratios 
for various combinations of concentrations have been calculated and 
recorded by Bigelow, Smith, and Greenleaf (1934) in a table widely 
used by manufacturers of tomato pulp. 

Such a table can give values of the ratio only for a number of com- 
binations, limited by considerations of space and clarity. In the table 
referred to, the ratios given correspond to only four conventional 
stages of final concentration, namely 1.035, 1.040, 1.045, and 1.050 
specifie gravity. To increase the flexibility of these volume-equivalent 
calculations, a nomographie chart has been prepared and is shown 
here. By means of it the equivalent volumes of pulp of different degrees 


so 
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VOLUME CONVERSION CHART FOR TOMATO PULP 
by C. A. Greenleaf 
NATIONAL CANNERS ASSOCIATION 














Washington, D. C. 


ific Refractive Volume Factors fic Total 
ravity Index ° aay Solids 
oer. A 20° C. Cc D 68° F. Jo 
015 — 4.0 1.060 —- 
1.0 4 3:9 a 
bo x —— 14 
Pa 1.3380 37 -- 
Las 3.6 + 
+ 3.5 oe 
- 3.4 + 
—T 0.3 3.3 METHOD OF USE — 
- 3.2 his chart, based on Table 8 of Bulletin 27-L; mg 
a: 3.! shows the volume-equivalent relationship be- - a 
+— 1.3390 3.0 tween tomato pulps of different degrees of 1.055 —- 
a 2.9 concentration. It is used by placing a straight- ~ i Is 
px 2.8 edge across the three vertical lines, whereupon a 
- 27 related quantities appear at the three points of on 
1.020 —7— intersection. (The most suitable straight-edge + 
+ 2.6 is a strip of transparent celluloid, since it does a 
—c 0.4 2.5 not hide the scale markings.) + 
+— 1.3400 _ 
oa 2.4 C X Gallons A = Gallons B - 
A= 23 D X Gallons B = Gallons A — 
n 2.2 Locate the lower degree of concentration on + 
_ line A, by means of the specific gravity or Abbe Ls 92 
“=. 2.1 refractometer reading, whichever is known. 1.050 — 
+ 1.3410 os 2.0 Similarly locate the higher degree of concentra- 4 
1.025 —E- tion on line B, which gives both specific gravity » y 
2 om 1.9 and total solids. Connect the two points with = 
= the straight-edge. Where it crosses the inter- — 
= 1.8 mediate line, read off either: + 
+! 3420 (1) on scale C, the number of gallons of —_ 
—-E ° PP pulp of the concentration B equivalent —_- 
+ 6 to 1 gallon of Concentration A, or 5 
an 1.6 (2) on scale D, the number of gailons of “ 
1.030 —— concentration A required to give 1 gal- i 
-+-— |.3430 1.5 lon of concentration B. , a on 
4 0.7 Examples: 1.045 —+- 
= = 1.4 1. How much 1.045 pulp will be obtained + 
ai 1.3 from 160 gallons of cyclone juice of spe- — 
= 440 1.3 cific gravity 1.0190? “_ 
a 0.8 Connect specific gravity 1.0190 on line A = 
1.035 with 1.045 on line B. On scale C we find = © 
1.3450 1.2 the factor 0.422. Multiplying 160 by this 
gives 67.5 gallons of 1.045 pulp. . i 
o3 = 2. A batch of partly concentrated pulp - 
reads 1.3415 at 20° C. on the Abbe re- r— 10 
1.3460 fractometer. J How many gallons of this 4 
will be required to give 100 gallons of 4 
1.0 1.0 1.035 pulp? - 
1.9470 Connect 1.3415 on the right hand side of - 
line A with 1.035 on line B. On scale D 1.040 —- 
tt 0.9 we find the value 1.35. Multiplying 100 
’ by this gives 135 gallons required. : a 
1.3480 3. A certain formula calls for 25 gallons of — 
1.2 1.035 pulp. How much pulp of specific = 
08 gravity 1.0435 will take the place of this? '. 
1.3490 1.3 Connect gravity 1.035 on line A with 4 
. 1.0435 on line B and on scale C read 0.80. - 
This times 25 gives 20 gallons required. j-— § 
1.3500 1.4 
0.7 “— 
1.3510 1.5 7 
1.9520 1.6 Eg 
== 0.6 = 
1.7 
1.060 —&— 1.9530 1.035 —L 
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of concentration can be calculated ; and since the ratios are given both 
in direct and reciprocal form, it is possible to obtain either the volume 
of more concentrated pulp equivalent to one volume of less concen- 
trated or vice versa. The method of use and illustrative examples are 
set forth in the text appearing on the chart. 
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Food poisoning from the presence of harmful metals or elements in 
food is not very common or at any rate is not usually detected. Poi- 
sonous action of small amounts of arsenic and lead has been rather 
definitely established. However, knowledge of physiological effects 
in foods of small quantities of other metals, such as aluminum, copper, 
zine, tin, nickel and antimony, is more or less incomplete. Although 
antimony plays a relatively minor role in food poisoning, the element 
presents an interesting history as a possible toxic agent in foods. 


FINDINGS OF OTHER AUTHORS 


Bxisting data on the poisonous character of antimony compounds 
when ingested with food are not well established. From the findings 
of German investigators published during the past 25 years, toxicity 
of these compounds seems to be determined by their solubility in body 
fluids and by the state of oxidation of the antimony. Brunner (1912) 
and Cloetta (1911) found compounds of trivalent antimony to be 
poisonous and pentavalent compounds to be harmless. Scheller (1926) 
found absolutely pure compounds of pentavalent antimony to be 
without effect on dogs. Flury (1927) performed feeding experiments 
with dogs, cats, rats, and mice in order to determine for these species 
the toxicity of tartar emetic, antimony trioxide and pentoxide, and 
sodium and potassium pyroantimonates. He found the tolerance of 
the different species to vary considerably for these compounds. Tartar 
emetic was the most toxic of the compounds tested; a dose of 10 milli- 
grams per kilogram produced vomiting in cats, whereas four milli- 
grams per kilogram was the emetic dose for dogs. Flury’s studies 
offer only the most meager indications of the effect of prolonged and 
repeated administration of small quantities of antimony compounds 
to experimental animals, and they afford little or no basis for analogy 
to humans. 

Health of workers with antimony in industry is an interesting 
topic. Hamilton (1925) stated that antimony is an important metal 
in only three American industries, namely the printer’s trade, the 
manufacture of grids for electric storage-battery plates, and the com- 
pounding of red rubber goods. In such industries, however, the use 
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of lead is equally widespread. Since the gastro-intestinal symptoms 
of antimonial poisoning are somewhat similar to those of lead poison- 
ing, it is hard to discover the exact role which antimony plays in 
occupational sickness occurring in a person exposed to both lead and 
antimony. Oliver (1933) studied the health of six workers in un- 
complicated antimony exposure. These men were exposed to large 
quantities of antimony-trioxide dust. Determination of antimony in 
the feces of the men examined proved that there was definite intake 
of antimony. Examination of the urine of each worker failed to reveal 
the presence of antimony. After physical examination of the workers 
Oliver concluded that their occupation, although it involved exposure 
to antimony trioxide, was not detrimental to their health. 

Pond (1905) was one of the first to allude to harmfulness of 
antimony ingested with food. Upon discovering that antimony sulfide 
was used in vulcanizing red rubber rings used as fittings for mineral 
water bottles, beverage bottles, jelly and preserve jars, and other 
containers, Pond postulated a rather fantastic theory of the etiology 
of gastro-intestinal disorders based upon the absorption of antimony 
from small particles of red rubber. Phelps and Stevenson (1914) 
found traces of antimony in rubber nipples for milk bottles. While 
admitting that little information was available upon the toxic effect 
of minute doses of the element, these investigators questioned the 
desirability of the use of antimony in articles so closely associated 
with infant dietary. 

ANTIMONY IN ENAMELED UTENSILS 


The present-day consideration of antimony in food poisoning lies 
in possible extraction from the cheaper grades of enameled cooking 
utensils of a sufficient quantity of this element to cause illness. It is 
well to consider briefly in this connection the manufacture of enameled 
utensils. Sand-like or siliceous materials, such as quartz and feldspar, 
are melted with fluxes, such as borax, soda ash, and fluorspar. The 
fluxes dissolve the siliceous materials to form a molten glass which 
is then run into cold water. The friable pieces which the enameler 
ealls either ‘‘frit’’ or ‘‘glass’’ are dried, ground, and mixed with 
water and a small amount of clay. A coating of this enamel mixture 
is then fused onto the metal in a furnace and forms a glossy, hard 
enamel. An enamel made of these ingredients, however, would be too 
transparent. It is necessary, therefore, to incorporate some substance 
which will not fuse at the temperature of the enameling furnace but 
which will remain disseminated in fine particles through the enamel 
and make it opaque. For years the standard opacifying material was 
tin oxide, but because of the high price of tin, substitutes were intro- 
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duced into the trade. The only one that has found extended use is 
antimony, either in the form of the oxide or as sodium metantimonate. 
Oxides of cobalt, iron, manganese, nickel, chromium, and cadmium 
are sometimes added to the enamel to produce desired colors. 

It is only when the enamel itself is attacked and disintegrated by 
organic acids that acute antimony poisoning is likely to arise. Ac- 
cordingly, it has been pointed out by Monier-Williams (1934) that 
a factor of prime importance affecting the contamination of food by 
antimony is the amount of silica in the enamel. A high silica content 
renders the enamel resistant to the action of acids. The cheap enamels 
are made from a mixture relatively low in silica. 

Collins (1919) reported on the extent of the use of antimony as a 
substitute for tin in enamelware in the United States. According to 
his findings antimony was found in all but seventeen of 51 utensils 
obtained from 31 different American manufacturers (Table 1). 


TABLE 1 
Enameled Utensils Losing Different Amounts of Antimony 
to Solutions of Acetic and Tartaric Acids 




















None 0.5 mg. 1.0 mg. 2.0 mg. | Total samples 
PE i aiivetsncccccnioeseersinied 9 6 12 5 32 
| Sn en TS 4 3 5 3 15 
SI I aiirechpecccnvseacatettndnoncabnins + 0 0 0 4 
TOtAl GRMIDIOG.....<ccescoceroverd 17 9 17 8 51 





Miller (1916) found that acid foods, such as cider, grape juice, 
and cranberries, dissolved varying amounts of antimony from 
some of the cheaper gray enameled cooking utensils. Miller pointed 
out that if a particular enamel were so readily attacked as to betray 
its inferiority by the corrosion produced, this would probably pre- 
vent its use by intelligent housewives; but among the poorer and less 
intelligent women it might be used without question. 

For a number of years references to the toxicity of antimony 
compounds present in enamelware and the possible danger to health 
from the use of such enamelware has appeared, especially in con- 
tinental medical and trade journals, in articles by Flury (1927), 
Miller (1916), Grunwald (1912, 1919), Vielhaber (1927), Richman 
(1912), Rewald (1924), Svagr (1926), Mernaugh (1926), and Beck 
and Schmidt (1928). In fact about 1887, because of possible harm- 
ful effects, the use of antimony and lead in culinary utensils was for- 
bidden by law in Germany and Austria, countries in which enameled 
cooking vessels were manufactured on a large scale as discussed in 
works by Grunwald (1912, 1914, 1919), and Mernaugh (1926). No 
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eases of illness definitely diagnosed as antimony poisoning and trace- 
able to the use of enamelware were reported during this entire period. 
In the minds of some authorities such as Vielhaber (1927) the possible 
hazard to health from this source remained an open question; while 
others such as Grunwald (1912) denied that a potential danger 
existed. 


OUTBREAKS OF POISONING IN ENGLAND 


Since 1928, however, three outbreaks of illness affecting approxi- 
mately 165 people have occurred in England and have been definitely 
traced to the consumption of lemonade prepared in vessels coated 
with antimony enamel, reported by Monier-Williams (1934), Charles 
(1928), and Dunn (1928). In 1928 at Neweastle-upon-Tyne 70 cases 
of tartar-emetie poisoning occurred, the solvent being lemonade pre- 
pared in enameled buckets. Interaction of the lemonade with the 
enamel formed a solution of tartar emetic having about three times 
the strength of a dose usually prescribed for medicinal purposes. In 
1929 at Folkstone, 25 to 30 persons were made ill at a social gathering 
in a local school. Refreshments included lemonade prepared in enam- 
eled jugs containing antimony in the enamel and bearing the labels, 
‘*We guarantee all articles containing this brand to be perfectly safe 
in use and free from injurious substances.’’ In 1932 in a large London 
hospital 65 nurses were affected with acute attacks of vomiting. Here 
again the cause of the sickness was lemonade prepared in jugs of the 
same type as those in the Folkstone outbreak. 

The aforementioned are the only cases recorded in the literature, 
so far as ean be ascertained, in which illness was definitely diagnosed 
as antimony poisoning attributable to the use of enameled utensils. 
The buckets and jugs cited in these cases were not of the type ordi- 
narily used for food and drink. No eases of illness definitely diagnosed 
as antimony poisoning and traceable to the use of enameled cooking 
vessels, many of which do contain antimony, have occurred. However, 
as Monier-Williams (1934) points out: 

It is only the obvious and sensational cases of poisoning that are recorded. 
Isolated and obscure cases of sickness do not find their way into the press and are 
seldom brought to the attention of medical officers of health. The sufferer con- 
cludes that he is upset by something he has eaten and the cause of the trouble 
whether by overeating or poisoning by bacteria or metals is not investigated. 
Apart from actual sickness there is the possibility of chronic impairment of health 
from continued ingestion of small doses of toxic substances among which antimony 
may find a place. 

The cases of antimony poisoning cited were caused by the ingestion 
of relatively large amounts of antimony; the poisonous quality of the 
element in such high concentrations can be readily appreciated. The 
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widespread use of antimony oxides in the preparation of cheap enam- 
eled cooking utensils brings up the problem of the possible chronic 
impairment of health from continued ingestion of small doses of 
antimony salts dissolved by the organic acids of foodstuffs cooked in 
enameled vessels. The analytical data of various investigators, Collins 
(1919), Miller (1916), Burns (1935), and Coste and Garrat (1935), 
show clearly enough that for the most part only sub-emetie quantities of 
the element are extractable in the first and in repeated subsequent 
extractions from the same vessel. 


INVESTIGATIONS MADE IN BALTIMORE 
Our own observations are of interest. Examinations of some cheap 
enameled cooking utensils were made in the laboratories of the Balti- 
more City Health Department during a recent investigation of a 
food-poisoning outbreak thought at first to have been caused by the 
consumption of sauerkraut cooked in an enameled vessel containing 


TABLE 2 


Results of Examination of Some Cheap Enameled Cooking Utensils by 
Baltimore City Health Department 


























Antimony extracted from 
vessels by 500 c.c. hot| Total antimony 
. iceatiate 2% tartaric acid extracted by 
No. escription 200 grams 
Total Trivalent sauerkraut 
antimony antimony 
mg. mg. mg. 
1 Gray enamel 3.3 1.5 0.72 
2 Gray enamel 22.8 19.8 2.16 
3 ee ETE 21.0 19.5 2.64 
4 Green and white enamel.................. 26.7 1.5 0.48 
5 Blue enamel 0.6 0.0 0.00 











antimony in the enamel. The utensils were collected at random and 
were manufactured in various localities in the United States. The 
methods of analysis were the same as those described by Monier- 
Williams. 

It is evident from the results (Table 2) that an acid food such as 
sauerkraut (acidity equivalent to about one per cent of tartaric acid) 
may extract approximately one-fourth of an emetic dose of antimony, 
calculated as tartar emetic. 

A number of enameled cooking utensils as well as foodstuffs alleged 
to have been cooked in them have been examined in this laboratory 
during the past several years in the course of food-poisoning investi- 
gations. In no instance was antimony found in the food even though 
present in the enamel glaze. Furthermore, in experimental! observa- 
tions (Table 2) solution of antimony was always associated with visible 
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etching of the glaze of the container, a finding previously reported 
by Miller (1916). Accordingly, it is suggested that in future food- 
poisoning investigations wherein an enameled utensil might be im- 
plicated, the condition of the vessel be observed for evidence of the 
etching effect. Absence of etching precludes any appreciable extrac- 
tion of antimony from the enamel. 

Monier-Williams, following the series of outbreaks in England, 
conducted an extensive investigation of the problem of antimony in 
enamelware for the British Ministry of Health. As a result of his 
survey he suggested the total prohibition of antimony in types of 
enameled utensils that might be used in the preparation of food. 

Coste and Garrat (1935), in England, prepared specifications for 
the properties of the glaze on enamelware for use in public institu- 
tions. The authors inserted the following clause for acid resistance 
in the specifications for enamelware vessels purchased for use in 
institutions : 

Enamelware vessels will be considered sufficiently resistant to acids if when 
filled as full as is convenient with a boiling 0.5 per cent citric acid solution in 
vater and allowed to stand for twenty-four hours without being heated, the amount 
of ash yielded on ignition of the residue obtained when a definite portion of the 
solution is evaporated, does not exceed 1.0 mg. per sq. em. of surface exposed to 
the action of acid; and if on repetition of the treatment with a fresh similar vol- 
ume of boiling acid solution no more than a further 0.5 mg. per sq. em. is obtained. 

A clause in the specification required that all enamels were to be 
certified, ‘‘free from antimony, lead, arsenic, and other deleterious 
or poisonous ingredients.’’ Those vessels which passed the acid- 
resistance test were examined qualitatively for antimony. These 
authorities, too, advocate the total prohibition of antimony in enamel- 
ware regardless of the fact that the amounts usually present and 
extractable are much less than the emetic dose. 


CONCLUSIONS 

1. Antimony has been definitely responsible for several outbreaks 
of food poisoning resulting from the consumption of lemonade made 
in enamel containers containing antimony in the enamel. 

2. Inasmuch as the use of antimony compounds in cheap enamel- 
ware production is fairly widespread and since such vessels do give 
up small amounts of antimony to acid foods stored in them, some 
British health authorities are advocating the total elimination of this 
element in the manufacture of enamel utensils designed for use with 
food. 

3. No eases of illness definitely diagnosed as antimony poisoning 
and traceable to the use of enameled cooking vessels have been re- 
ported. 
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4. In food-poisoning investigations associated with the cooking of 
food in enameled containers it is suggested that the container be 
examined for visible etching of the enamel. Absence of etching pre- 
cludes any appreciable extraction of antimony. 

5. Until some definite and positive opinion is offered as to the 
safety of the consumption of small amounts of antimony, it is best 
to advise against the use of enameled cooking utensils containing 
antimony compounds in the enamel for the storage and preparation 
of acid foods. 
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In a previous study in this laboratory, by Hoh, Williams, and 
Pease (1934), an individual serving of pork spareribs cooked by a 
Chinese method using dilute rice vinegar, soybean sauce, and sugar 
was found to yield .5504 gram of calcium, only .0275 gram of which 
was derived from the cooking solution. This large yield of calcium 
approaching the Sherman daily allowance per man, may explain one 
heretofore unrecognized source of calcium in the Chinese diet, which is 
notably lacking in milk and milk products. 

Beals (1935) applied the same principle of cooking with dilute 
acid to American meat stews in an attempt to discover whether the 
yield of calcium would justify the procedure and produce a palatable 
dish. She found that wide variations in the yield of calcium resulted 
when the Chinese recipe was duplicated as nearly as possible and when 
American cider vinegar of the same titratable acidity as Chinese rice 
vinegar was used. Therefore, she undertook to determine various fac- 
tors which influenced the yield of calcium in a cut of meat with bone 
prepared with acid. If a large amount of calcium could be obtained 
from such a cut of meat by the use of acid in cooking and an appetizing 
dish acceptable to Americans be produced, another economical source 
might be added to the rather limited list of calcium foods. 

Beals obtained results which, though inconclusive, showed that no 
correlation existed between acidity or hydrogen-ion concentration of 
the cooking solution and the calcium yield. When American cider 
vinegar was substituted for Chinese rice vinegar in the Chinese for- 
mula in sufficient amounts to give the same acidity to the cooking 
solution, cider vinegar seemed to be as effective as Chinese vinegar. 
Beals reported also that the addition of soybean sauce to the cooking 
solution had an additive effect in extracting calcium from the bones, 
although the calcium content of the soybean sauce was negligible. This 
was shown when the cooking solution contained either vinegar or water 
alone, but higher calcium yields were obtained when vinegar was used 
in the cooking solution. 

Two other factors, Beals concluded, had more influence on avail- 
able calcium in the meat sample than variations in the cooking solutions 
tested. She found that the amount of costal cartilage in the sample varied 
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considerably and that this cartilage contained an appreciable amount 
of calcium and apparently was a source of calcium in the edible portion. 
The other factor influencing the yield of calcium was the age of the 
animal from which the sample was taken. Analyses of samples from 
14 pigs, ranging in age from four to nine months, suggested that 
calcium of cuts of meat containing bone and cartilage increased with 
age of the pig. In all analyses, regardless of the method of sampling 
and variations in cooking solution, calcium values were extremely vari- 
able. There were a few very high yields. One sample of 180 grams 
prepared with American vinegar gave .546 gram of calcium, and two 
samples containing cartilage but no bone gave .579 and .679 gram 
respectively. In general, however, calcium yields were considerably 
lower than those of Hoh, Williams, and Pease (1934), whose formula 
and method of sampling Beals followed. 


This present study deals with further attempts to discover more 
concerning factors which influence yield of calcium from cuts of meat 
containing bone and cartilage. 


EXPERIMENTAL PROCEDURE 


Two cuts of meat were used, pork spareribs and breast of veal. 
These cuts correspond in location in the animal and in the type of 
bone, and both may be prepared as a stew. Since Americans rarely 
use pork spareribs prepared in this way, it seemed desirable to include 
a meat more commonly used for stewing, namely breast of veal. Also, 
it seemed of value to compare calcium content of similar cuts of meat 
from the two species of animals. 


Samples were taken from the middle portions of the ribs, which 
were divided into pieces approximately one to one and one-half inches 
in length. Pieces from alternate ribs were used in making up the 
samples. In most cases bones were slipped out of the surrounding 
periosteum and weighed before cooking in order to get approximately 
the same weight of bone in all samples. The weight of soft tissues in 
each sample was also taken. There was very little visible cartilage. In 
the veal series the range in fresh weight of bone in each sample was 
21.5 to 48 grams, while weight of the soft tissues ranged from 86 to 
130 grams. In other tests various tissues comprising the sample were 
separated and cooked, and the calcium in each was determined. 

The Chinese formula containing soybean sauce had a distinet acid 
flavor to which Americans are not accustomed, nor is soybean sauce 
a common American household food aecessory. Therefore, it seemed 
necessary to reduce the total amount of acid in the formula, especially 
since Beals considered acid concentration of the cooking solution to be 
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a minor factor in the calcium yield. Soybean sauce was also omitted 
for practical reasons. 


The cooking solution used in the series with veal contained 240 c.ce. 
of distilled water and 10 ¢.c. of commercial cider vinegar, giving a 
total titratable acidity of .033N and a hydrogen-ion concentration of 
3.6. This solution was used to cook an individual serving of breast of 
veal of approximately 150 to 180 grams (total weight of the sample). 
The total titratable acidity of the cooking solution used by Hoh, 
Williams, and Pease was .147N with a hydrogen-ion concentration 
of 4.2. 

All samples were placed in small enamel kettles of like size and 
shape, the cooking solutions added, and a temperature of approxi- 
mately 97° C. (206.6° F.) was maintained for one hour and a half. 
For comparison, samples were also cooked without acid. At completion 
of the cooking period the bones were removed, rinsed with distilled 
water, and the water returned to the kettles. The bones were weighed 
again after drying in the air for 24 hours, merely to see how closely 
the weight of the bone in the samples compared. There proved to be 
only slight variations. The samples of cooked meat and solutions were 
transferred quantitatively to evaporating dishes for drying. Calcium 
determinations by a modified MeCrudden method, described by Hoh 
and coworkers, were made on all samples. 


In another group of tests similar samples of both breast of veal 
and pork spareribs were prepared, each weighing 180 grams (con- 
sidered an individual serving). The number of bones in the sparerib 
samples varied from 12 to 19, while the number of bones in the breast 
of veal varied from 8 to 12. Preliminary cooking tests were run to 
determine maximum quantity of acid which could be used and still 
retain desirable flavor for use as a stew. Vinegar of the same brand 
and quality was used in these tests as previously, but 25 instead of 
10 ¢.c. replaced the same measure of distilled water in the total cooking 
solution of 250 ¢.c. This was done to secure more data on the effect 
of varying the acidity of the cooking solution. 


RESULTS WITH SAMPLES OF VEAL 

Average calcium content of 13 samples of breast of veal containing 

an average of 34 grams of bone and 111 grams of soft tissues was .105 
gram. When the calcium value was calculated for 180 grams of breast 
of veal, a weight corresponding to Beals’ samples and to the later series 
in this study, the calcium was .130 gram (Tables 1 and 2). This 
yield was far below the calcium obtained in Hoh’s ‘‘Sweet Sour 
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Spareribs,’’ but since the cooking solution in this series was quite 
unlike that which she employed, direct comparison cannot be made. 
The fact, however, that a 25-per cent increase was obtained in calcium 


TABLE 1 


Calcium in an Individual Serving of Breast of Veal Cooked with Acid 








Sample Weight Weight of Vinegar Distilled Calcium! 











No. of bone soft tissues used water 
gm. gm, €.0. Ce. gm. 
21.5 130.0 10 240 127 
48.0 120.0 10 240 .093 
44.0 120.0 10 240 110 
46.0 121.0 10 240 .070 
46.0 121.0 10 240 .079 
27.5 86.0 10 240 .092 
27.5 86.0 10 240 .092 
24.0 108.5 10 240 118 
39.0 105.0 10 240 .099 
33.0 105.0 10 240 152 
29.0 106.0 10 240 .091 
27.0 115.0 10 240 100 
27.0 119.5 10 240 151 
Average . 34.0 111.0 10 240 105 
Average calcium calculated on 180-gram sample...............ccssessessscceseesssseeeeee 130 
Average calcium in 180 grams cooked without acid (Table 2)...............0 .104 





1Increase in calcium yield with acid solution, 25%. *Samples with same letter in Tables 
1 and 2 were from the same animal. 
yield when like samples were cooked with acid is evidence that the 
cooking solution of an acidity of .033N and a pH of 3.6 is effective in 
rendering available more calcium. Furthermore, even greater increase 


TABLE 2 


Calcium in an Individual Serving of Breast of Veal Cooked without Acid 














Sample Weight Weight of Distilled Calcium 
No. of bone soft tissues water 

gm, gm. C.¢. gm. 

sees Seana as beiaiancloeocie'- Seana 130.0 250 101 
ETE 108.5 250 .064 
39.0 105.0 250 101 

33.0 105.0 250 104 

29.0 106.0 250 .077 

27.8 119.5 250 .041 

TPCT Bs vcccsssccvsccsseccsces SOC 112.0 250 .081 
Average enlewlated On 160-Gram GRMPIC....0-cccccccosccorsssecossessesscscsessoosevevscsesee .104 





of calcium is evident when carefully matched samples from the same 
animals were prepared with and without acid (Table 3). Here an 
increase of 34 per cent in the yield of calcium was obtained. Through- 
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out this series a minimum of 10 ¢.c. of vinegar was used in a total 
volume of 250 ¢e.c. of liquid. Without doubt this small amount of acid 
rendered available from one-fourth to one-third more calcium from 
an individual serving of this veal cut; and a palatable, appetizing 
stew was prepared using this amount of acid. However, only a little 
more than a quarter as much calcium was obtained from it as from 
Hoh’s Chinese preparation. Would the amount of calcium obtained in 


TABLE 3 


Calcium in Matched Samples of Breust of Veal from the Same Animal 
Cooked with and without Acid 








Cooked with acid 








cm MGR Shes, rime Demet cation 

gm, gm, c.c, c.c. gm, 

| EEE 130.0 10 240 127 
Di vssaisscscessccincansicceremeoreeres 108.5 10 240 118 
ri sicsccacsessdtcicisstneeeectinees 39.0 105.0 10 240 .099 
Di isissncdonenscevaiainioeevenscotisinns 33.0 105.0 10 240 152 
RIB ssicscscisiensicovne 29.4 112.1 10 240 124 
Average on 180 grams, total weight of sample................cccccccssssssssssesssseees « 157 





Cooked without acid 





Bi idinncasinnncioninnmuciccmoioniins 21.5 130.0 ie 250 101 
iiccisesiesdeceadeecisanaiiatmun aa 108.5 eis 250 .064 
I wasbiecitinisinacinieveseauansiooniiens 39.0 105.0 alii 250 101 
EE 105.0 ions 250 104 
RACINE B cccccscvccccsesesees BOB 112.1 iio 250 .093 
Average on 180 grams, total weight of sample..................csssssssssccsssssssesseees 118 





preparation of stews with acid justify the procedure, in a country 
where milk and milk products are as easily obtainable as in America? 

In any case, it seemed advisable to attempt to determine what 
tissues in the cut were contributing the greater amounts of calcium. 


Separation of the Tissues in the Cut 

The breast of veal appeared to comprise four distinct tissues, 
namely bone, muscle tissue, cartilage, and periosteum. It was not diffi- 
cult to slip out the bone from the sheath of connective tissue immedi- 
ately surrounding it. It was, however, more difficult to separate this 
periosteum from the muscle tissue but this was accomplished fairly 
quantitatively. The white, glistening, but pliable, cartilage was easily 
distinguished from the other tissues and separated from them quan- 
titatively. Each of these four tissues from the total sample was weighed 
and cooked separately with and without acid. The same concentration 
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of acid and the same volume of liquid were used as in the cooking 
of the whole sample. 


Forty grams of bone alone were cooked with and without acid and 
the calcium yield compared (Table 4). 


Sixty-three times more calcium 


was obtained when 40 grams of bone were cooked with acid than when 
cooked without acid. It is evident that the small bones of the cut were 
a potent source of the soluble calcium of the eut. In order to eliminate 
such a variable as bone dust resulting from the sawing or breaking of 
the bones in the preparation of samples the solutions were filtered 
through coarse filter paper before evaporation was begun. 


TABLE 4 


Calcium Yield from Bones Cooked with and without Acid 








Weight 


Distilled 














— of bone Vinegar water Calcium" 
soi gm, c.e, cC.C, gm, 
ncaa canine 40 10 240 .043 
Di voicsciepassctvaecsesvuccssess stnserk 40 10 240 .034 
10 240 .030 
10 240 023 
10 240 .031 
10 240 .030 
( 10 240 .032 
Piceeaaisrrchaiselentesanseieets 40 250 000 
Ba ases ea taecncsyeminsopiscteeens 40) 250 .000 
a riicresersowcrncespareiviecicts 40 250 .0003 
250 0005 
250 .0018 
250 .0003 
0005 








1Increase of calcium from bones cooked with acid, 6300% 


Cartilage was separated from all muscle tissue, periosteum, and 
bone, and 40-gram samples were cooked in the same volume of solution 
(250 ¢.¢c.) with and without acid (10 ¢.c.). Results are given of six 
tests only, made on the 40-gram portions of cartilage alone, three of 
which were cooked with acid and three without (Table 5). The results 
indicate that at least 10 times more calcium was obtained from 40 
grams of cartilage cooked in the acid medium than from that cooked 
in water only. While the number of tests on cartilage are too few 
to be conclusive, these results support the findings of Beals that car- 
tilage furnishes an appreciable source of the calcium in such euts 
of meat. 

It was difficult to obtain samples of periosteum comparable in 


weight to those of bone and cartilage. In two tests on periosteum 
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there was an insufficient amount to determine the calcium yield. 
Only two other tests were made in which such a comparison was 
possible and these were with lesser amounts than the 40 grams used 
for bone and cartilage. In these limited tests there was a nine-per cent 


TABLE 5 
Calcium Yield from Cartilage Cooked with and without Acid 




















Sample Cartilage Vinegar Distilled Calcium" 
No. water 

c.c. cc. gm. 
10 240 .0030 
10 240 .0090 
10 240 .0100 

10 240 .007 
OR RR oe Re EO 40 au 250 .0002 
i ididiateecsuiiuaisenseniamees 40 ide 250 .0010 
TE siasnersonctuitvinensdaneiaswiniiess 40 aan 250 .0010 
Average.. 250 .0007 








1Increase of calcium from cartilage cooked with acid, 900%. 


increase of calcium when the periosteum was cooked with acid 
(Table 6). If further tests show similar results, periosteum may 
also contribute some available calcium which is increased by the use 
of acid in cooking. Under the conditions of this test the periosteum 
gave over nine times as much ealeium as did eartilage when cal- 


TABLE 6 


Calcium Yield from Periosteum Cooked with and without Acid 














— Periosteum Vinegar — Calcium!’ 
‘ gm. C.¢. c.c. gm. 
| _ERERS REN teen meneneres Coe wee 20 10 240 .0430 
~ RE REED eee serie 14 5 120 0160 
BV CBRGIB cccesscrsssceccsss 17 7.9 180 .0295 
i cainlntsiebindardbeunecsviiis 20 ia 250 .0390 
DN citncatndccnicpievaseiatniawvennsie 14 oses 125 .0150 





Average 187.5 .0270 





‘Increase of calcium from periosteum cooked with acid, 9%. 


culated on the same weight of sample. This is unexplained except 
by the fact that if the type of cartilage in this cut of meat was of the 
nature not transformed into bone, it might be assumed that the caleium 
yield would be very small. Another factor should be noted. The pro- 
portions of periosteum to liquid were less than in the tests with the 
other constituents of the cut. What effect this might have was not 
determined. 
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From the tests on muscle tissue alone in which 135 grams were 
cooked in each case (the amount in an individual serving of 150 to 
180 grams) no increase in caleium was found when acid was added to 
the cooking solution. In these tests the edible muscle tissue and the 
cooking solution were analyzed together for calcium. Since all ear- 
tilage, periosteum, and bone were removed with great care, the cal- 
cium yield of .0893 gram (average) is that obtained from muscle 
tissue alone (Table 7). A 50-per cent increase in the calcium in 


TABLE 7 
Calcium Yield from Muscle Tissue Cooked with and without Acid 














a P< tool Vinegar oy Calcium? 
gm. €.¢. 0. gm. 
i aseascieacleteasetewtvonmnics 135 10 240 .0903 
oe ee ORI 135 10 240 .0803 
UD sscccssedasshiceacnsvenseusiesnetores 135 10 240 .0718 
I si scsvccccinctsievin 135 10 240 .0808 
Dissuscscueussuncsivnvscamaeniexecties 135 a 250 .0954 
Mile niesspcisasvwiniesersisosonsniuceiete 135 250 111° 
Wicosctinscesevscwloecacsdswnisvmouss 135 Ss 250 .0765 
PCCRID csescsivenecesseies 135 ise 250 .0977 





1No increase of calcium from muscle tissue cooked in acid. *Connective tissue not com- 
pletely removed. . 

Sample 21 cooked without acid, will be noted. In this particular 
sample considerable difficulty was experienced in removing all the 
clinging connective tissue. The other two tests agree very well. From 
the small number of analyses made on muscle tissue alone, it appears 
that the amount of acid used in the cooking solution did not increase 
the available calcium in the sample. 


Composite Sample Compared with Constituents 
Analyzed Separately 

Two samples of breast of veal, each containing 29 grams of bone, 
22.5 grams of periosteum, 19 grams of cartilage, and 106 grams of 
meat, were cooked with and without acid. In two other samples 
containing 27 grams of bone, 14 grams of periosteum, 18 grams of 
cartilage, and 115.5 grams of meat the bone, periosteum, cartilage, 
and meat were cooked separately with and without acid. Approxi- 
mately the same calcium yield resulted whether the various tissues 
making up the sample were cooked together or separately, and an 
increase of 18 to 32 per cent in calcium was obtained when cooked 
with acid (Table 8). 
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From all the data obtained in these series of tests, it appears that 
by stewing a bony cut of meat, such as breast of veal, with a very dilute 
acid solution (.033N acetic acid) an increase of at least 18 per cent 
of available calcium may be obtained in the edible portion. 


COMPARISON OF PORK SPARERIBS AND BREAST OF VEAL 


The average calcium yield from breast of veal cooked with acid 
when calculated on 180 grams total weight of sample was .130 gram. 
Two carefully matched samples, one cooked as a whole, while the 
bone, periosteum, cartilage, and muscle tissue of the other were cooked 


TABLE 8 
Calcium Yield in a Composite Sample of Veal and in Constituents Prepared 
and Analyzed Separately 

















- Calcium in Calcium Calcium in Calcium 
Sample Weight la & 2a in 2 in 
No. of sample with acid 180 gms. withoutacid 180 gms. 
gm. gm. gm. gm. gm. 
la & 1b Bone ee )60O ti‘ (> apie. ° «= eee = C(it«C mm = C(«(‘«C 
cooked Cartilage ae. ae. CC eeeei(i ee ti(itit« 
as a com- : a 
a Periosteum — - ——. t—: cosa alien 
posite 
sample | — 
Total 176.5 .0908 .0926 .0754 .0769 
2a & 2b Bone 27.0 OSZ4 == aaccossee ee 20s ee 
constit- : - 
eente Cartilage 18.0 . ae Te 
cooked Periosteum 14.0 rr 0150 cesses 
sep- 
arately Muscle tissue 115.5 DEST —_canecsece ETS == catenaee 
Total 174.5 .0999 -1030 .0767 .0791 





separately, gave calcium yields of .0926 and .1030 gram when eal- 
culated on a 180-gram sample (Table 8). A range of .0926 to .1300 
gram of calcium from an individual serving of breast of veal (Tables 
1 and 8) is only one-fourth as much as Hoh obtained from pork spare- 
ribs prepared by a Chinese method of cookery. In the series in which 
pork and veal were cooked with acid under identical conditions the 
average yield of calcium was .1349 gram from pork and .0923 gram 
from veal. With one exception all the values for veal were lower than 
for pork (Table 9). There were from 12 to 19 bones in the pork sam- 
ples and from 8 to 12 bones in the veal, but the calcium yields would 
indicate that within this range the number of bones in the sample was 
not the only determining factor. 
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In the series with veal, when 10 ¢.c. of vinegar were used in a 
total volume of 250 ¢.c. of the cooking solution, an average of .1300 
gram of calcium was obtained (Table 1). When 25 ‘c.c. of vinegar 
were used in the same total volume of cooking solution, .0923 gram 
of calcium was obtained (Table 9). The average calcium value of 
.1349 gram from pork cooked with 25 ¢.c. of vinegar was nearly the 
same as from veal cooked with 10 ¢.c. of vinegar. When pork and veal 


TABLE 9 


Comparison of Calcium from Pork Spareribs and Breast of Veal 
Cooked with Acid 











Sample Total i Distilled Pork Veal 
No. weight Vinegar water calcium calcium 
gm. c.c. c.c. gm. gm. 

Di cscicbiecornasiiatronaens 180 25 225 1525 .0684 
25 225 .1719 .0698 

25 225 1235 1165 

25 225 .1088 .1458 

25 225 1372 .0848 

25 225 .1540 .1398 

25 225 .0615 .0487 

25 225 .1700 -0648 

25 225 1349 .0923 








ealeium values are compared in tests in which the same amount of 
vinegar was used, there is a 46-per cent increase in the caleium yield 
from pork (Table 9). It seems from such data that, in the case of 
veal, the weaker. acid solution favored the release of calcium; but 
when the larger amount of acid was used, more calcium could be 
obtained from pork than from veal. MeCance, Sheldon, and Widdow- 
son (1934) found that in 1000 ¢e.c. of water, one tablespoon of four- 
per cent acetic acid was as effective as two to four times that amount 
in extracting the calcium from 400 grams of chopped veal bones. 


DISCUSSION OF RESULTS 

A weak acid cooking solution in preparation of a meat stew con- 
taining small bones increases available calcium from 25 to 34 per cent. 
There are, however, many variable factors influencing amount of eal- 
cium obtained from such cuts of meat. Among these are methods of 
sampling, involving always the relative amounts of bone, cartilage, 
periosteum, and muscle tissue in each sample. In addition there are 
other less tangible factors, as the diet of the animal, rate of growth, 
age, sex, breed, and possibly other conditions, all of which may or 
may not influence the bone ash and its content of calcium. Templin 
and Steenbock (1933) found that the bone ash of adult rats was 
reduced on a diet restricted in calcium. Outhouse and Mendel (1933) 








CALCIUM IN MEAT COOKED WITH ACID 547 


have reported that more rapidly growing rats have skeletons with 
higher water and lower inorganic content than the more slowly growing 
controls. Kruger and Bechdel (1928) found a slight tendency for 
the ash of calf bones to increase with age. Hammett (1925) found the 
ash content of the female rat to be higher than that of the male. In 
working with chickers Harshaw, Fritz, and Titus (1934) reported 
that the epiphyses of the legs show earlier ecaleification in the Leghorn 
than in the Rhode Island breed. Kruger and Bechdel also report that 
the ribs of calves are the first part of the skeleton to be affected by 
rickets. Is it possible that calcium is given up more readily by the 
growing ends of bones than by the central portion of the rib? Do 
the bones of a rapidly growing animal yield calcium more readily 
than the bones of an adult? Many of these questions are unsolved 
and are not dealt with in this study. 

MeCanee, Sheldon, and Widdowson (1934) found in heating 400 
grams of chopped veal bones in 1000 ¢.c. of water to which one table- 
spoonful of four-per cent acetic acid had been added that the initial 
pH of the liquor was 4.4. At 100° C, (212° F.) the pH had risen to 
7 in one hour. Whether a change in the pH of the cooking solution 
during the time of cooking is a factor in the yield of calcium is not 
known, nor was it considered in this study. These authors explain 
the unexpected low yield of calcium (10 mgm. per 100 grams of bone) 
by the fact that acetic acid is a weak acid, and the calcium phosphate 
in the bones is encased in collagen and other protective colloids which 
probably act as buffers and prevent the acid having any appreciable 
effect. It is evident that wide variations in the total calcium in the 
edible portion of such bony cuts of meat must exist if all of the above 
factors play a part in the calcium content and its release in the process 
of cooking. 

The use of acid in the preparation of meats is not confined to 
Chinese cookery. The well-known German ‘‘Sauer brauten,’’ Swedish 
tongue with vinegar, and in this country pickled pig’s feet, lamb stewed 
with tomatoes, ham cooked with cider, and many other combinations 
of meat with fruit acids are examples of such methods of cookery. 
To what extent these methods were evolved in race experience as a 
means of conserving dietary essentials, as may be true in the use of 
acid in the meat cookery of the Chinese, is mere speculation. In 
America the use of acid is for flavor, no doubt, and it is also used as a 
means of softening the connective tissue of tough cuts of meat. 


SUMMARY AND CONCLUSIONS 
1. In an individual serving of 180 grams of breast of veal, cooked 
with 240 c.e. of distilled water and 10 ¢.c. of cider vinegar, and provid- 











od 
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ing a cooking solution of an acidity of .033N, a yield of .130 gram of 
calcium was obtained. When cooked under the same conditions with- 
out the addition of acid, a yield of .104 gram of calcium was obtained. 
Thus, a 25-per cent increase in calcium was obtained by the use of 
acid in cooking. 

2. When carefully matched samples from the same animal were 
compared, an increase of 34 per cent in calcium was obtained from an 
individual portion of breast of veal cooked with acid. 


3. When the bones (40 grams) of such a sample were cooked alone 
in the same acid solution, 63 times more calcium was obtained than 
when the same weight of bones was cooked without acid. 


4. When samples of cartilage and of periosteum were cooked with 
and without acid, ten times more calcium was obtained from cartilage, 
and one and nine-tenths more calcium from periosteum, than when 
these tissues were cooked without acid. 

5. No increase in the yield of calcium was obtained from the muscle 
tissue of the cut when cooked in the acid medium. 

6. When a similar cut of meat from pork (spareribs) was prepared 
in the same manner as the veal (breast), a 180-gram sample being 
cooked in 25 ¢.c. of cider vinegar and 225 c.c. of distilled water, the 
calcium yield from pork was .1349 gram, while the yield from veal was 
.0923 gram; or 46 per cent more calcium was present in the pork. 


7. From the analyses made in this study, increasing the acid eon- 
tent of the cooking solution within the limits used in this investigation 
did not increase the yield of calcium. 


8. A pleasantly palatable but slightly different flavored meat stew 
may be prepared using a small amount of acid in the solution. An 
individual serving of such a meat dish may furnish from 15 to 25 
per cent of the daily allowance of calcium for adults. 
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Studies of the prevalence and importance of the coliform group in 
milk and other dairy products have been made, using a wide variety 
of media. Few attempts have been made, however, to select from the 
large number of media proposed for the isolation of this group 
the one medium best adapted for use with milk and other dairy prod- 
ucts. These products offer difficulties in addition to those encountered 
in water analysis, notably in that the presence of milk may alter the 
effectiveness of certain substances used to inhibit the growth of organ- 
isms not of the coliform group. The various media that have been 
employed by others for the isolation of this group of organisms from 
milk shall be mentioned only briefly. 


FINDINGS OF OTHER AUTHORS 

The American Association of Medical Milk Commissions (1935) 
recommends the use of taurocholate agar. Kessler and Swenarton 
(1927), employed gentian violet lactose peptone bile, and found that 
of 1,010 positive samples of milk, all but 10 were confirmed on eosin 
methylene-blue agar. Kline (1930) used Endo’s medium, while Me- 
Crady and Langevin (1932) employed gentian violet bile and the 
two-per cent brilliant green bile of Jordan (1913) with almost identical 
results in the study of pasteurized milk. Brilliant green bile has been 
used for many years by the Quebee Provincial Laboratories and the 
Montreal Health Department for the detection of the coliform group 
in milk, according to Moldavan (1935) who recommended that it be 
solidified with agar and stratified with two-per cent agar. 

MeCrady and Archambault (1934), using two-per cent brilliant 
green bile, obtained 99 per cent confirmation with raw milk and 86 
per cent confirmation with pasteurized milk. Demeter, Sauer, and 
Miller (1933), comparing Endo’s agar, the erystal-violet broth of 
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Salle (1930), gentian violet bile broth, and Klimmer’s (1930) brom- 
thymol blue-trypaflavin-lactose agar, found the latter to be most sat- 
isfactory in determining the ‘‘colon titre’’ of milk. 

Tonney and Noble (1935), using an adaptation of ferrocyanide- 
citrate agar, found a full yield of Bacterium coli and Bacterium 
aerogenes in 20 to 24 hours with dependable differentiation between 
types. Brown and Gott (1923) found Endo’s medium satisfactory in 
locating Bacterium coli contamination of milk. Stark and Curtis 
(1935), in a comparative study of Salle’s erystal violet broth, Dom- 
inick and Lauter’s broth (1929), gentian violet broth, and two-per 
eent brilliant green bile broth, found that none were satisfactory owing 
to the ability of ‘‘false test organisms’’ to grow in them, which lack of 
inhibition was increased by the addition of one cubic centimeter of 
sterile milk to the medium. Stark and England (1935) recommended 
formate-ricinoleate broth as superior for isolation of the colon group 
from milk and water. Leifson (1935), in the examination of milk, 
found desoxycholate agar ‘‘to give counts of colon bacilli as high 
as that obtained by the best of the other available media and meth- 
ods.’’ Babel and Parfitt (1936), working with ice cream, found violet 
red bile agar to give a higher percentage of positive samples and 
higher counts than desoxycholate agar. 

Amcng media which have been frequently employed in the isolation 
of the coli-aerogenes group from water, but which have not been exten- 
sively used for that purpose with milk, only a few will be mentioned. 
Basic-fuchsin-lactose broth of Schreiner has been found by Ritter 
(1932) to give satisfactory results with water. Digestive Ferments 
Company, in a personal communication, state that they found neutral 
red bile and violet red bile experimental media gave 95 to 98 per cent 
confirmation for the coli-aerogenes group. Perry and Hajna (1933) 
have employed their modifications of the Eijkman medium in the 
isolation of *‘feeal’’ colon organisms from shellfish and from a limited 
number of sewage samples, eggs, and milk. 


EXPERIMENTAL WORK 
Comparison Using Four Media Simultaneously 

In this study 275 samples of raw milk were obtained over a period 
of a year from three milk plants which received milk from approxi- 
mately 100 individual shippers. These samples were divided into five 
groups of 50 samples each and one group of 25 samples and planted 
simultaneously into four media. Throughout these experiments Endo’s 
agar and two-per cent brilliant green bile were used as standard, and 
one liquid and one solid medium were employed for comparison until 
50 samples had been examined; then another liquid and solid medium 
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were used, Endo’s agar and brilliant green bile being retained for 
comparison. 

The milk samples were obtained by means of a sterile sampling 
tube directly from the cans of the shippers as they were received 
at the milk plants and examined within half an hour after being 
taken. The samples were planted in the solid media in 1 ¢.c. and 
-1 ¢.c. amounts in duplicate or triplicate; in liquid media 1 ¢.c., .1 ¢.¢., 
and 1 ¢.c. of a 1:100 dilution were planted in duplicate. All were 
incubated at 37° C. (98.6° F.) and examined after 24 and 48 hours. 
Standard plate counts were made of appropriate dilutions (usually 
1:1,000 and 1:10,000) and counted after 48 hours’ ineubation at 
37° C. (98.6° F.). 

The following media were used for the isolation of the coli-aerogenes 
group: lactose taurocholate agar as recommended by the American 
Association of Medical Milk Commissions, Ine. (1935); ferrocyanide 
citrate agar, Noble (1928); brilliant green lactose bile dehydrated 
agar, Tonney and Noble (1935); the hexamine agar medium of 
Wilson (1933); Leifson’s (1935) desoxycholate agar (dehydrated) ; 
Klimmer’s (1930) bromthymol blue-trypaflavin agar; Ritter’s (1932) 
fuchsin-lactose broth; Ritter’s (1935) modified fuchsin-lactose broth ; 
the methylene blue-brom cresol purple dehydrated broth of Dominick 
and Lauter (1929); Stark and England’s (1935) formate-ricinoleate 
broth (dehydrated); Endo’s agar (dehydrated); and two-per cent 
brilliant green bile broth (dehydrated). All media were prepared, 
tubed, and sterilized according to the direction of the various authors. 
Where indicated the dehydrated medium prepared by the Digestive 
Ferments Company was used, except in the case of Leifson’s desoxy- 
cholate agar which was prepared by the Baltimore Biological Lab- 
oratory. Other media were prepared using ingredients accepted by 
the proponents of the medium. 

Positive tubes or colonies were streaked on Levine’s eosin-methy- 
lene blue agar (dehydrated) and from this typical, or most nearly 
typical, colonies were picked to lactose broth and agar slants, fol- 
lowing the partially and fully confirmed procedure suggested by 
Standard Methods of Water Analysis (1933). If gas was found in 
the lactose-broth tubes, the agar-slant cultures were restreaked on 
eosin methylene blue, repicked, and restreaked, the process being 
repeated two to three times to ensure pure cultures. The cultures 
obtained were examined microscopically for gram-negative short rods 
and identified as Escherichia, Aerobacter, or intermediate using Sim- 
mon’s (1926) citrate agar (dehydrated) and Methyl-red Voges- 
Proskauer medium (dehydrated), the latter medium being tested 
according to Standard Methods of Waier Analysis procedures. In 
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most eases the indol reaction was determined, using a one-per cent 
solution of tryptophane (tryptone), and tested by the Gore method 
recommended in the ‘‘Manual of Methods for Pure Culture Study 
of Bacteria’’ (1934). 

The species identification was made according to the classification 
given in Bergey’s manual, the results of which are discussed in a 


following paper. 

The results can best be compared in series, each of which is of 50 
samples, since identical shippers are not included in each series and 
seasonal variations in flora may occur which may invalidate a general 
comparison between the series (Table 1). 

In the first series the best results were obtained with methylene 
blue-brom eresol purple broth which gave 89 per cent confirmation of 
positive presumptives and 38 per cent sample confirmation; brilliant 
green bile broth with 83 and 30 per cent, Endo’s agar with 72 and 26, 
and lactose-taurocholate agar with 47 and 18 per cent ranked in the 
order given. 

In the second series the order of arrangement, from the most 
effective to the least, was formate-ricinoleate with a positive presump- 
tive confirmation of 95 per cent and 82 per cent of samples confirming, 
Endo’s agar with 94 and 64 per cent, ferrocyanide-citrate agar with 
86 and 64 per cent, and brilliant green bile broth with 80 and 58 
per cent. In the third series brilliant green bile gave a higher per- 
centage of samples confirming (74 per cent) but showed more false 
presumptives than Endo’s agar with 100 per cent of presumptives 
and 46 per cent of samples confirming; brilliant green lactose bile 
agar with 82 and 46 per cent, and fuchsin-lactose broth (original 
formulae) with 67 and 42 per cent confirming, followed. In the 
fourth series Endo’s agar with 65 and 55 per cent again was most 
satisfactory, followed by brilliant green bile broth with 56 and 48 
per cent, fuchsin-lactose broth (modified) with 53 and 37 per cent, 
and hexamine agar with 57 and 29 per cent confirmation. In the fifth 
series desoxycholate agar gave 90 per cent confirmation of positive 
presumptives and 72 per cent of samples confirmed ; Endo’s agar with 
80 and 68, brilliant green bile broth with 40 and 33, and fuchsin 
lactose broth (modified) with 46 and 26 per cent followed. In this 
series the poor results with brilliant green bile broth were unex- 
plainable. 

In the sixth series, consisting of only 25 samples, trypaflavin agar 
gave the highest confirmation (93 per cent) of presumptives; but 
Endo’s, with 89 per cent and 64 per cent of samples confirming, 
ranked best on the latter basis; while brilliant green bile broth was 
poorest with 72 and 52 per cent. 
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The unsatisfactory results obtained with lactose-taurocholate agar 
indicate the desirability of using a more selective medium for the 
detection of coli-aerogenes in certified milk. 


Comparison Using Ten Media Simultaneously 

Twenty-five samples of raw milk were obtained and inoculated as 
previously outlined into Endo, neutral red bile, violet red bile, bril- 
liant green lactose bile, ferrocyanide-citrate, and desoxycholate agars 
and into two-per cent brilliant green bile, fuchsin-lactose (modified), 
formate-ricinoleate, and methylene blue-brom cresol purple broths. 
The media were examined and cultures isolated and identified as pre- 
viously stated. Media used in first tests but omitted from this study 
were dropped either because of unsatisfactory results obtained with 
them in previous tests or in productivity studies. The neutral red and 
violet red bile agar were dehydrated media experimentally prepared 
by the Digestive Ferments Company and supplied by them for these 
experiments. 

The percentage of samples confirming (Table 2) show that neutral 
red bile agar, violet red bile agar, and brilliant green bile broth 
gave the best results with 32 per cent each; however, neutral red 
bile and brilliant green bile gave one and two false positive pre- 
sumptives respectively. Methylene blue-brom cresol purple likewise 
showed satisfactory results with 28 per cent of samples confirming. 
Formate-ricinoleate broth, ferrocyanide-citrate agar, fuchsin-lactose 
broth, and desoxycholate agar gave unsatisfactory results. Endo’s 
medium and brilliant green lactose bile agar showed a low total sample 
confirmation of 24 per cent. 


Comparison Using Media Indicated as Most Satisfactory 
Thirty-one samples of raw milk which were to be pasteurized, 34 
samples of pasteurized milk taken at various steps in the cooling and 
bottling process, and 25 samples of raw milk produced under condi- 
tions meeting all the requirements of certified milk but sold as grade 
A raw, were procured and examined within one hour of sampling. 
The samples were either taken by means of sterile sampling tubes, 
caught in sterile bottles on entering or leaving the cooler, or poured 
from the containers into sterilized sample bottles. The milk samples 
were inoculated into neutral red bile agar, violet red bile agar, two- 
per cent brilliant green bile broth, modified Eijkman medium of 
Perry and Hajna (1933), and into a solid medium prepared in this 
laboratory. The last medium had the following composition: peptone 
.) per cent; lactose .5 per cent; sodium formate .25 per cent; sodium 
ricinoleate .05 per cent ; methylene blue 1 :50,000 ; neutral red 1 :30,000 ; 

and agar 1.5 per cent; hereafter referred to as ‘‘medium four.’’ 
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Raw-milk samples were inoculated in amounts previously employed. 
Pasteurized and ‘‘certified’’ samples were inoculated into solid media in 
1 ¢.c. amounts only and into liquid media in 1 ¢.c. and .1 ¢.c. amounts. 

In these tests and in a portion of previous tests the positive tubes 
and colonies from positive plates were inoculated into formate- 
ricinoleate broth along with streaking onto eosin-methylene blue agar, 
a similar technique being recently employed by Ruchhoft (1935). 
Positive results with formate-ricinoleate were confirmed by streaking 


TABLE 3 
Presumptive and Confirmatory Isolation of the Coliform Group 


(Results on basis of 31 samples of raw milk, 34 samples of pasteurized milk, and 25 samples 
of certified milk inoculated simultaneously into five media) 















a - Positive 
7 Positive | Number] fFecher- Aero- Inter- pre- Samples 
Medium presump| _con- ichia bacter | mediate| sumptive | confirmed 
tive firmed confirmed 

Raw pet. pet. 
Medium four"”............ 7 6 4 2 0 85 55 
Neutral red bile....... 15 13 9 3 : 86 42 
Violet red bile........... 13 12 8 3 1 92 39 
Brilliant green bile.. 14 12 5 7 0 85 39 
TER FRINID  ecevesscrvessecesss 3 3 3 0 0 100 9 

Pasteurized 
Medium four............ 10 10 0 0 10 100 29 
Neutral red bile....... 12 12 1 0 11 100 35 
Violet red bile........... 12 12 0 0 12 100 35 
Brilliant green bile..} 11 1] 0 1 10 100 32 
TAP MAID ss iccersenssscsorsees 1 0 0 0 0 0 0 
"Certified ’? 
Medium four... ] ] 1 0 0 100 4 
Neutral red bile........ 5 2 1 1 0 40 8 
Violet red bile........... 6 3 2 1 0 50 12 
Brilliant green bile.. 3 2 0 1 1 67 8 
AOR siscscociccsesveccs: 0 0 0 0 0 0 0 


























1 Includes 11 samples of raw milk only. 


on eosin-methylene blue agar, and if both methods gave gram-negative, 
lactose-fermenting rods, the duplicate cultures were discarded. 

Of the raw milk samples only 11 were tested on medium four 
(Table 3). If all the media are considered on the basis of these 
samples, medium four and neutral red gave 55 per cent confirmation 
each and 85 and 75 per cent confirmation for positive presumptives ; 
while violet red bile gave 45 and 83 per cent, brilliant green bile, 
18 and 50 per cent, and the medium of Perry and Hajna, 9 and 100 
per cent. 
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The 34 pasteurized samples gave the most satisfactory results on 
neutral red and violet red bile agar, with 35 per cent of the samples 
confirming ; brilliant green bile broth gave 32 per cent and medium 
four 29 per cent sample confirmation. All of the mediums (except 
Eijkman) gave 100 per cent confirmation of the positive presumptive 
tests. 

The examination of 25 samples of ‘‘certified’’ milk showed violet red 
bile agar to be most efficient with 12 per cent of the sample -onfirm- 
ing; while neutral red bile and brilliant green bile showed eight per 
cent samp:e confirmation and medium four, four per cent. The dif- 
ferences between these media, however, as shown by these samples is, 
for reasons to be discussed later, not as great as is indicated. Medium 
four gave 100 per cent, brilliant green bile 67 per cent, violet red 
bile 50 per cent, and neutral red bile 40 per cent confirmation of 
presumptive tests. Eijkman medium showed no positive reactions 
although Escherichia were isolated in four scattered instances on the 
other media. 

DISCUSSION 

It will be noted that the percentage confirmation of the media, 
which appear in two or more series or in the different portions of these 
experiments, varies considerably. This is probably due to errors 
which have been mentioned frequently in the literature concerned 
with the isolation of the members of this group, that is, false pre- 
sumptives and overgrowth of the coliform by other organisms. This 
would not seem a valid criticism where colonies were picked from 
solid media. If inoculations were made to formate-ricinoleate broth 
and to eosin-methylene blue agar simultaneously, it was frequently 
noticed that the growth on the latter was negative or so atypical as 
to be considered negative and so confirmed; while the formate- 
ricinoleate would yield positive cultures. This has been noticed by 
Ruechhoft, who used formate-rieinoleate broth, brilliant green bile 
broth, MacConkey’s agar, and the standard procedure simultaneously 
for confirmation tests. 

It appears from the first group of tests that lactose-taurocholate 
agar, fuchsin-lactose broth (old formulae), and hexamine agar could 
be eliminated from further consideration. Studies’ on the produe- 
tivity of the trypaflavin medium show it to be likewise quite in- 
hibitive, although Demeter, Sauer, and Miller (1933) and Marshall 
(1934) obtained satisfactory results with trypaflavin medium, using 
streak inoculations, while Ritter (1933) found gentian violet lactose 
peptone bile to be more satisfactory than trypaflavin. 


* Unpublished data. 
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The results obtained in the simultaneous comparison of all media, 
although only a few samples were examined, lend themselves to more 
definite comparison. The samples in this series include a number from 
each of the plants studied and comprised milk with a total bacterial 
count ranging from under 10,000 to over 100,000 per ¢.c. The results 
show that neutral red bile agar, violet red bile agar, brilliant green 
bile broth, and methylene blue-brom cresol purple broth were most 
satisfactory. Endo’s agar and desoxycholate agar showed several false 
positive presumptive tests which proved to be slow or non-lactose 
fermenters, which were atypical on eosin-methylene blue and fre- 
quently fermented formate-ricinoleate. These organisms probably be- 
long to the proteus group but no attempt was made to identify them. 
The one organism on neutral red agar which failed to confirm was 
not entirely typical on that medium and likewise may have belonged 
to the proteus group. 

All of the solid media showed considerable growth, which, while 
they were not at all typical coliform colonies in appearance, made the 
counting and isolations of the organisms difficult. It is possible that 
they repressed the growth of this group owing to crowding of the 
plates. For this reason attempts to devise a new medium were made, 
and several composed of various selective and differential substances 
were tried. The one designated as medium four seemed to be most 
promising and was tested together with the other media in the last 
series, 

Over 22 ¢.c. of milk were used for the analysis in these tests, for 
which reason it would be quite possible to obtain positive results 
with one medium and not with another, owing to distribution prob- 
ability when the organisms were present in quantities of not more 
than one to a eubie centimeter. In all of these studies, however, only 
a few instances were noted where duplicate plates did not give rela- 
tively concordant results. It thus seems most probable that the fewer 
positives occurring in some media are due to the inhibitive properties 
of that medium on attenuated strains. 

The observations of Stark and Curtis (1935), in comparing erystal 
violet broth, methylene blue-brom ecresol purple, gentian violet broth, 
and brilliant green bile broth, are correct in that the percentage con- 
firmation on these media, used in the present experiment, are lower 
than have been found by numerous investigators using water speci- 
mens, indicating a lowering of the inhibitive properties by the milk. 

The results (Table 3) confirm the conclusion that medium four 
is worthy of further investigation. This medium in only two instances 
(of 90 samples) showed any considerable growth of organisms other 
than those of the coliform group; also in all types of milk it showed 
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good presumptive confirmation, the one false presumptive being a sam- 
ple which likewise gave false presumptives on other media. The sample 
confirmation was equal to the most satisfactory in the raw milk, on 
the basis of 11 samples in which it was studied. Platings with 
pasteurized and ‘‘certified’’ milk were not as consistently good ; the two 
pasteurized samples which failed to show positive colonies on this 
medium were identified as intermediates and appeared on one plate 
only of the neutral red and violet red bile medium and in one tube of 
the brilliant green bile in one sample, and the other sample was nega- 
tive in both tubes. Hence this may be an instance where distribution 
is important. The number of colonies isolated from other samples on 
medium four were equal to or better than neutral red bile and violet 
red bile agar. In this connection it was found that on four occasions 
(out of 12) violet red bile gave slightly higher counts than neutral 
red bile. 

In only one case with ‘‘certified’’ milk were coliform organisms 
isolated on two media from the same sample, and in this case one 
proved to be an intermediate and the other an Escherichia. Likewise, 
of the two cultures isolated on neutral red bile one was a slow lactose 
fermenter though typical on eosin-methylene blue, on violet red bile 
two of the three fell in this category, and of the two isolated from 
brilliant green bile only one was a typically rapid lactose fermenter. 
Hence the differences between the media in these cases can be of 
little importance. Perry and Hajna’s modification of Eikjman medium 
gave only one false presumptive from which no organism could be 
isolated. Positive results were obtained in three samples of raw milk 
and Escherichia communior was isolated. This same species was iso- 
lated from other media on eight occasions when negative results were 
obtained in Eijkman medium. 


SUMMARY AND CONCLUSIONS 

Five liquid and nine solid media were compared for their efficiency 
in determining the presence of the coliform group in milk. 

Taurocholate agar, Wilson’s hexamine agar, and Ritter’s fuchsin- 
lactose broth gave poor confirmation of positive presumptives and few 
positive samples in comparison with Endo’s agar and brilliant green 
bile broth. 

Methylene blue-brom ecresol purple broth, formate-ricinoleate broth, 
and desoxycholate agar yielded a higher presumptive ‘confirmation and 
a greater sample confirmation than Endo’s agar or brilliant green 
bile broth. 

Simultaneous comparison of ten media showed formate-ricinoleate 
broth, ferrocyanide-citrate agar, desoxycholate agar, fuchsin-lactose 
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broth, Endo’s agar, and brilliant green lactose bile agar to yield many 
false presumptive reactions or to be quite inhibitive, as shown by the 
number of positive samples. Methylene blue-brom eresol purple broth 
gave perfect confirmation but proved somewhat inhibitive. 

Neutral red bile and violet red bile agar proved to be the most 
satisfactory solid media and two-per cent brilliant green bile the best 
liquid media now obtainable for the isolation of the coliform group 
from raw, pasteurized, and certified milk. 

Violet red bile proved slightly better than neutral red bile agar in 
ease with which the coli-aerogenes were recognized and gave higher 
counts in some instances. Both exceeded brilliant green bile both in 
accuracy and in the number of positive samples obiained. 

None of the media tested was satisfactory in completely inhibiting 
the growth of organisms other than coli-aerogenes. 

A new medium is deseribed which, on a limited number of samples, 
gave results equal to the best. Overgrowth occurred in but few in- 
stances. 

Perry and Hajna’s modification of Eijkman medium proved un- 
satisfactory in demonstrating the presence of Escherichia-Aerobacter 
in milk. 

Separation of genera on the basis of colony appearance on the 
media studied was not possible. Favoring or inhibiting of any one 
genus or species by the different media was not noted. 

Confirmation of positive presumptive tests by inoculating formate- 
ricinoleate broth, gave more positive reactions than were obtained 
from simultaneous streaking of eosin-methylene blue plates. In all 
cases positive reactions in formate-ricinoleate broth yielded members 
of the coliform group. 
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